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(54) MASS SPECTROMETRY AND DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an identifying 
method of a candidate parent ion suitable to identify the 
candidate parent ion in a real time and to use for a 
chromatography. 

SOLUTION: An improving method of a parent ion 
scanning is disclosed. In one embodiment, a quadruple 
mass filter 3 of an upstream of a collision cell 4 is 
arranged to work in a high pass mode. The parent ion 
passed the mass light filter 3 is fragmentized by a 
collision cell 4, and is discovered by an orthogonal type 
time of flight analyzer 5 to acquire daughter ion spectra. 
Ions having mass/charge ratio of not more than cutoff 
value of the mass light filter 3 are identified as the 
daughter ions, and the candidate parent ion is 
subsequently discovered, and by acquiring corresponding 
daughter ion spectra, their identifications can be 
confirmed. In the first embodiment, because the collision 
cell is switched in alternation in a space of a high or low 
fragmentation, and further, the candidate parent ion can 
be identified based on a dissipation of a prescribed ion or a neutral particle. 
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3ftSBl*DSn, «lfc-7 : 7r*>h<k^& (4) lc£oT§: 

ik£tix»4*>&{£f$.l-z&i*>*-vt. 5vot 

m-c«jo*x.^r«B*^7^^^Kk^» (4) 
(4) ^iiotfettfcwiE>r^^^ , >^< ^ fflj^ws 

7^>MI:fi (4) £ii9&tt^?!ufe^^>^'>^ 

<b i oco^-f >^s i o^±(7)^f^<7)fe-r tyi: — Ifc-f 
6**5**, *5<t05/*fct4, (i i) HMB'>ft<£fcl 

[Ii*3l6 7 ] IS*rl3 3<C^L5 9 GOV ^n/j^tfj 

[*^«>l*IIB*lftW] 
[0 0 0 1] 

[0 0 0 2] 

[«*wa«] ^>fAft^ (MS/MS) £14* 

g 2 wit7 ^^/MSiaoTgtM^n, iA 

[0 0 0 3] ^ yfAft»#fftW-iSi: LTSK * 
l^XS-Cfi, S 2 >f /w^/»*fg^H;7 ^ 



(8) 
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m<r)$&-< ££§k *><»wm>/mMtt*&:i£-$- 
mvM-rztfcX'Z&o mutt, ^^^^^ 

ntt, a:sfflo«tti*iBffl»*f»* s *2wiaa«K*-7 
[0005] j^Tt^^-r j: a^^-^*atic«cv^-c 

[0 0 0 6] egfiffitt, ICS^/u*^ LTfflV>bix£ 
fflx.tff— *<7V<— 1 K*#fir«-C-fcS 5 0 Oft 

[0 0 0 7] tt^P^^tt^^lff^^T 2 *^--^ -f ^ 
^*/H4ii1*k 1-2 0%C0^fflT'^^, h/urt 

14, fRtT«FP B 1S!»«f S^t' a— X ^ * /M4#J 5 

[0008] » i *iSfiar*«4, HiSEgfiffiKft»w«-^ 
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tf)t£=r=i-— 7-4^4 ^/H4. #J0. 1%-C£><5 (Hi go 
KfitiS*^ ^ /u^/»«fS<4 0 . 1 ^ -fr 

f4l 0 0%^^— ^^Wfi7-f LT 
«<) o ^iiS^ t It^ t y wx-:^ 

h/U^lt^^T^-f >ff>f^^t), ^0. 1% 

t*&6 (Hi coegfi««*7-f/u*/#tff§!iii o o% 

(7)f a-f ^ ^t'f 17 ^ /l/^ ^ LTH# , H2 

yw^r^rici-SIS^^a— t 1 ^^ ^/M4, 0. l%/2 

[0009] ^aa>r^-v^3gE-t-s/cAwBgfiii^tT 

«FBiKt»«fttWTa- t^i^ ^/M4, ^o. 0 0 
5%T*&<5 (E9*«»4«)0. l%Wfa-f>ft^^ 

20 >(^/K'Si7^^tLtl< 0 IM^^^^II 
m 1 0 0 a - r t >f ^ ^T*ltt7 £ LT 

5^(7)7a-f>ft^^Hi 0. 0 0 5%i:4S (ffl 
i&fribO. 0 0 5%<<5%) o 
[0 0 10] ^<7)J: 0 HiSEfi^co^^.— ^ 1M 
30 ^/H4, «-<^->**W«*^*«fe*rtTV^*S*tfc« 

La»Lftd j e>, t^fa- $»4. -f 

[0012] nW&4*^Y7 v?<n&om&<oWM<r> 
5 ^ <b *5-C# ftv ^/j: if, ^ < oA»<ojSx?J»ff «F 

t§<hB9S@^ h7 y^t4. r^Fig^tfci^iO®S57^ 

50 »j t^tm*. 
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[0 0 13] -tixft, Kfi»«f^>efeS*ffi*iJ:t/iSe* 
[0014] 

[SENSES] *38WwKlw*J6*tt4:IISl«>««lc 

[0 0 15] *3g0l0>#£ Uv^JS^lBJ-iSi:, 
i^ty^£t5^1^I^2. 5%gDt^-t^ 

■eijUr^tBffSitTm^, Wf^^^/y Kit; 

£ tc «fc 9 *fti£o<g*t«-< ^>-(7)fWl^^ff o!2 coxa 
( - IT't, Ellli^ 1 0 0%co^^l— f^ff-l' 

xmm? -<^? k^xm^i,, mn#nm»vf »n» s 

%(7)fa-f^«^/K'^i:Ltl<) o Lfc# 

ot, ^iM-Y^-v^iL, fimgK^><7)i 

5„ t^SS, 4*wfa-r>ft'f^/Hi5%/3 = 
1 . 6 7%£tt5„ 

[00 16] -tix*, »*LV^*6^ffifi, HigEfi^ 
-Cliff $4xSfi6*^*iS«-M:-<T 3 0 ofe£X±.<n&:W$: 

[0 0 17] 77 ^ hftf ®A S » 1 Kt'K)^ 

*»Lfc*se>, 77^ > Mfc#f&a s «2 0)*-- K-eftft 

[0 0 18] Kt*77^ > Mb3M££rU)fE 

TO^IlRt^gE^7 7 > h{k 
#a(C««-#-5Xa«r«tpW*s#* : (i) 15V 
JL^±, (i i) 2 0V^±, (i i i) 2 5VJ^±, 

(iv) 3 (v) 5 0V^i, (vi) 10 

0 VJ^Jl, ( v i i ) 15 0 VJ^±, (v i i i ) 2 0 
0VJ^± o ^2tf>^e— Kt'77^ v Mfc^IS:£i*)f££ 
-£51614, aT*»&*RLfc^«r"7 7*V>Mb# 
SIC««-r5Xa«r*tfW3ftS»*LU^ : (i) 5V^ 
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T\ (i i) 4. 5 VJ£JtT\ (i i i) 4VJ^T> (i 
v) 3. 5VJ£*T\ (v) 3VJL^T, (vi) 2. 5V 
J£JtT> (v i i) 2Va~F, (v i i i) 1. 5VJL^L 
T> (ix) lVOT, (x) 0. 5VJ^T, (xi) 

co^— K:fcJ;tF/£*:tefl2 60-e-- K(c, 5V*>ibl5 

[0 0 19] «{ 4 V >y-r6^(4 % 77^ 

^Vhlkm 0Jx.tf«2§-fe'K C7)_b^[C^^^ 1 (7)f 

zj ) J;<9 t>*#^m/z Srfto^^-^ttdSiiiS-rs 

ISW^^-f t>Wm/zlp3 0 0T^6:i:^ 
^otl^i^lCIt ^3 5 0WWm/zI^O 
«f ^->^Asaai--5 J: 9 MJg l coffin ^ zmfe 
■tZZkfrX'ZZo ^rtlSfc, 3 0 0Wm/zl^o^f 
t y ^SlM^tc J: o 1 1£ ^ tifcl^, :Wz 
I^^ol^i *->fiS& 1 ^ ic £ 0 -c& «9 [& 

30 [0 0 2 0] %Sl(Di&M&"I^X'&>Z>^kti*tfr'£l'i<\ 

mm&, >&m^fccxfe^z'kiz^^z>~kfcx$Z) 0 

[0 0 2 1 ] SB 1 CO^e- KT'®JiH577^> > 

lift ^l(7)Sft^^^ h^^Mt5I§Srt^, 
^2 60^t- KT«t5 7 7^7> F{b#««riB9ft(t 

40 [0 0 2 2] Kt'i(^t577^> > bit^F 

'>3fe< i: t loO«tfia^3j-v«:|5]3£i-6X 

wft/m^f j±;^^fo^ *><nfam tm 2 omm* 

r. t(c <fc 0 , i: <j 1 o<7)ita^t>^p] 

so s^riittA s *>So 



.1 I 
I 1 

(10) 
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[0 0 2 3] -tW*jfeli1E«c^TWXSS:*tf(0^#* 

4^£ribf£3ii:SXS ;77^> hfk^SSrii^tfeJt 
^>T5j->'0 / >*< 1 1~ «*rK*^*fi-SXSo l^ft 

(4) (ciiJiS-T^ J: SB 2 S*u5o - 

~T*, xttttT^>^— ^A»baRSJx& : (i) 0. 
5, ( i i ) 1 . 0, ( i i i ) 2. 0, ( i v) 5. 
0, (v) 1 0. 0. (v i ) 1 5. 0. (v i i ) 2 

P : ( i ) xu^ h ta ( i i ) 

<fc*>f *Vffc(Cj;a>f *>8SL (i i i) -?bV?*$: 

[0 0 2 5] -<^-^WfiKT*^»Ri-6wfc3&s»*L 
V>: (i) «*«f»>f^>W. (i i) {b^M^VfblC 
«tS>f^->«, (i i i) — /UhV ^"Wb(CJ:S^ 

[0 0 2 6] ICft;##rX*if2, aTd»5)iRLfc»tfr» 
lcJ:oT^tT-r6^ : (i) M&mWM'? 

-f/u*. (i i) JRfTl»IH]S!ft*#*r*, (i i iW 

t>h7 7^ (i v) Btilfft^ffV, (v) 7- 
\)^&>(*>-9-<< * a h^#S ( TFT I CRJ ) 

[0 0 2 7] 7^/^^ymil £**>fa->#* 
[0028] *«*-r^-^*^^^^i, *RWI-»1 

^^tSli^IlCfftLtV (i) 100, (i 
i) 150, ( i i i ) 2 0 0, (i v) 2 50, 
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(v) 300, (vi) 3 5 0, (vii) 400, 

(v i i i ) 4 5 0 , (ix) 500 o ^ Ll^HSSJf2 
MX'&kJ Th^^rfH^i-^X^ii:, gnoliOM^^ 
«tft/«ffirtt: ^r^o - £ $ *xfc'>ft < £ <b ^ < o 

£>(7M ^->«:JS]*-r5XS«:$tfo 

[0 0 2 9] 77^yhibfSll J^Ta*<b®ifci*ix 
fc«^-fe^«x.^wfc^ff*L^ : (i) Mffioy 

Kir y h , ( i i ) ^Mfe* yKtyK ( i i i ) A 
y Kir y h, ( i v) >-i/ir ^ K ffr^ir 

10 /Mi, iiiJl^co^cD^- KT*ftfts£ii\ #£LVM$|j£(c 
ioV^T, 1 0- 4 /J^l 0- 1 mb a rCO^lS, §TiL<li 

1 0' 3 /J»«b 1 0- 2 m b a r CDiEHft<7)JE;^T'fiT^#X^ 

[0030] ^f^<7)jft>r^->*i, wT*^a«^ti^-Y 

y>r>^^ts^ fc#»*L^ : (i) ^^K**^>T> 
■Tr-^Af (i i) WiLtfy vBMb^^ KS* 

20 wyyiSP03^t>^ttftil, (i i i) 

[0 0 3 1] »*Lv^*16^JBJcj:6i:, a»(0@^(75 

[0 0 3 2] *|g^^«2(7)ffi«^J:5^:. f»3ft*l2 5 
[0 0 3 3] #«^W*3W(|«{;«t5t, 3***12 6 

[0 0 3 4] *?gWi4WiSia5i:, It*il3 1 

[0 0 3 5] *mw<r>m 5 wffi«(c «fc 5 <h , i**JS l - 
so [0 0 3 6] *«W<75!B2<ojtlK*llB4:JB6wtt«lcJ: 



(11) 



mm 2002-100318 



19 

[0037] mi (DmmBmx-i*. a * ^tm 

g#](^5t£nT^Tb£nTV^<-Cb 
[0 0 3 8] 3oOl/j:6i{^-K Tffia> 

* 2 wftf^*— kti*, '>4<ttiow»>rt 

[0 0 3 9] Wc-t^Srii, mi (OttHrt 

[0 0 4 0] f l(7)®iCTtt'fcot, #**-CSE3E 
[0 0 4 1] £ b 1 ocofck-f [Hj^i" 3 X*i 

OT5^5J-^$:*Si-SXSSr$tr^* s ff* tv^ 0 HI 2 CD 

[0 0 4 2] *lW^~K"C»fr4"*"7 7^/>h{k¥ 
&£rii l !>fettrt:>i f itxr>')?t£< t b~ Sl$£fCg##f-f 5 
XSfi, iiwfl^^ Fyu£Btf#-r5Xg&£^ 

wfi^^^ h/^*r«tt#i-5Xe*r^tfwi:^#^L 

[0 0 4 3] m 1 (ft'f *>-<7)) Hft*^ h^rtW 
fc5SaXm^tt^^^^^^^^S<t^2£7) (gK* 

>0)3ft8£tt:«rr 6 Zt^XV, £b loco«*S 



10 



20 



30 
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K7)x^^ h/Hctt-<-CHnf5m2coMfix-<^ h/u^T- 

[0 0 4 4] ( i ) <Hl o^>( ^->#ifrJ&Z> 

Hr>b— Si"£, *s£t*/£*:li. (i i) 
Hi o<rcjfc>f <t b lowSIg^t^ 

ffimnj b L < littttt**)*!*!- £ 0 BKif+tt <b 

jfeJ«(c^TwXS€r^trw* s »* : Hi 

f2OT- K£9 bH«Wtc^<<7)-<^^^-77^^ v 
MbSixSJ: 9t-, 77^^h{t#«Sr»f^S-frSX 

b-a^SS^Wi-^xm 0 &w-r£<b, Btoco»>r* 
>\ bL<*i«^5j->'i:je>f f 3j-^l8]wBa«ttbL<(iM 

[0045] mffi&j*^<nKm/9,vrtt<n± x wit 

xttJ^TA^SR^ixS : (i) 0. 

5, ( i i ) 1. 0, ( i i i ) 2. 0, ( i v) 5. 
0, (v) 1 0. 0, (v i ) 1 5. 0. (v i i ) 2 
0. 0 o Lfc^oT, i^/KD±ElCfc5ft7^/U 

*»«7 ^ t L tiffts : i ^8* Li \ 
[0 0 4 6] ^-^*iWT7&>^iS«i-6 - «t t 
^ ; ( i ) xl/^ h ( i i ) 

{k^Tf^it^&Zy <Hr>m^ (i i i) -*h ] J?x3C 

2o(C|i, iM^-7h^77^iaot^»^ 

[0 0 4 7] *VWi«Ta»5>»«1-6- i:* 5 ^* L 
^ : (i)«*W*^^->», (i i) 
<tS>T^^», (i i i) 7^-yUhVtWtlC±5^ 

[0 0 4 8] Kfi##fX*II^ TO^itRLtMB 

-fe 5/ ( i i ) fftff^Pfl®«ft»W8i, ( i i i ) -f 
t>h7^, (iv) i»aUi»«r», (v) 7- 



(12) 
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y^m&Jj-^-tJ 9 o h a ( TFT I CRj ) 

[0 0 4 9] U Vi/X^ii, 

[0 0 5 0] *K*^a->**i'>'*tt. If^l^i 
co fit J: «9 ^^^^M/mfttb^rfto^Ti-vcD^siiia 
^5<fc 5i:i*S*i5ii:^»* Lir\ IB l <r>m±£XT 
frbmtR-fZ^ttf^ft^^" : (i) 100. (i 
i) 150, (i i i) 2 00, (i v) 2 5 0, 
(v) 3 0 0, (v i) 3 5 0, (vi i) 4 0 0, 
(v i i i) 4 5 0, (ix) 500 o J-^&ffifc 

[0051] 77^^ Mfc^aii* j£rFa»bi8tR$ft 

fz'&m-t^mz-Z w : (i) 

Ktyh, ( i i ) T^fi^cr y Kir jy h , ( i i i ) A 
fi^n yK-feyh, ( i v ) mM V y K *^ir 

<, lO^/J^lO-'mbar^i, ^IKlilO 
- 3 rt^ 1 0- 2 m b a r COffifflF^OJE^T*®^^^^^ 

[0 0 5 2] Brff^MK TO^lRSii^ 
^^tfC £##£1^ : (i) K*3fc<7M ^ 

^-^i^^v, (ii) y >IWb^^^- Kft*^>U >- 
K£P0 3 ->f tf-^&^tr'ilfeS* (i i i) 

[0053] mio^—vx^y^^^v^WL^m^ 

*atCflt»i-*Xa«:*tfwtdS»*LV^ : (i) 15 
VJ£Z±, (i i) 2 0VJ£A±, (i i i) 2 5VJ^_t, 

(iv) 30VJ^±, (v) 50VJL^±, (vi) 10 
Oval, (v i i ) 15 0 VJEJLh, (v i i i ) 2 0 
0 VJ^± 0 

[0 0 5 4] m2<n*r—W77r*>hik¥&&tofe 

*a«CflM&+5Xa*4tfwt*S»* LV> : (i) 5V 
l^T, (i i) 4. 5VJ£JIT, (i i i) 4 VJ^T, 
(iv) 3. SVJ^LT, (v) 3V^T, (vi) 2. 
5VJ^T, (v i i) 2VJL^T, (v i i i) 1. 5V 
«T\ (ix) 1 VJ^T, (x) 0. 5VJLUT, (x 

i ) mm&j^o v e 

[0 0 5 5] #3SW<0!g 7 Wffi«|;J:5 t , ti^ 3 ! 5 9 
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[0 0 5 6] *H^O»8 0ffi«iCj:S«i:. If*il6 0 
[0 0 5 7] ^^P^^^9(7)fii^(Cj:6^, «*«6 6 
[0 0 5 8] *3§^<7)£ll 0(7)W:J:6t, I»*^3 

3 — 5 gtDv^n^^^fe^^fTi-^^^lc^^c^JzU 1 

[0 0 5 9] Egft^Rfi^^^riMiU^IC/^'"^ 
tt^o- i:ttSBi^>lltS^ffitw*5V^r»i#*Lv^ (§1 

r£££^ ^^MfllJlCite^TS 1 * UV^ff^t. C< fife 

m^wt^m^m^^^t w £ tew lt t>, 

[0 0 6 0] »l*5ctO«fB2<7)|IJfi^pBi*T-i«ffi:WW^ 
20 It (£SffitL< ttjEteftitD ^^So'l^T, (ft 
*-<^ Y>v$vn4 Jr>W\Xxn/ z it (^Sfit^L 
[0 0 6 1 ] ioJ^J:co«>r*vtfssgjL£ft5i:, 

(a) ftKttttffirtttt (««L ^^K(iZ>=l, X 
M»«Wiz=i) (cS<5<iiiR 0 

(b) tB#SftKt>L<«i«*r»«^*-^<»«. 

(c) ff* L^m/ z wfiirtca^ Stltl^ C t IC 

(d) SfiliWzfi (*BM[tU<ttiEaiftfl[) ^ 

(e) ^^:m/zl (£ @ fit L < JilHfcfcttD 
40 (D^M;i-3<» (iIWi, K*P^<y^^7^v 

( f ) |&^£n*:rn/z{i<0— ^/.e (»ft<f) U ^ K 

[0062] fg 2 <nnmmt. m 1 w jtmsnB^ff * 
tc^^^ttii-^r <t^T-#5o ^<7)xgfi, 
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[0063] mi&*x*fR2<omnj&i&iz&z>t. 
[0 0 6 4] &&<D&ft&mcmMi-z>Wi&\^te. ii*o 

[0 0 6 5] SFJUJftlc, <KMffl«^ 4 

6»$il5MS/MS^^ h/M7)«fi, R 

[0 0 6 6] »£W*j4>r ^XOm/ z ffi<7>fpiEKg<5 

:*->-<7>m/ z tt£iiifl£i£#^ «fc 5 icMUR* 1 ? -f ^ 
^COm/ziiiEffiH^ISSU •ec0m/zffi<7)^^-^ 

(C % {g^i^/U^rC I D rMSt-^J h/KCct 

or, «>< ^ h*M^e>tt6o 
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1 ;U^M S 1 5 r % Lie, t£5fcco 

[0 0 6 7] j^gd — ^.— h^/unx^fcli^^vrN^ 

10 3i^/u^c i d rMst-^j v^m^^m^ 

fifc^ $ il/:m/ z ffijfc £<F>1Sk* te&mz iot^.lC: 

wHT% » — h 7/H3 *i"#:b*>-f 

M-rSm/zffi^S^ffiy * H*:flFrti-Swt*s-c# 
£ 0 wwT% in^Wm/zIll Ux^/U^C I D 

niciot, MSl*Jj:(J ? MS2?:*ItSCi:^L 
'&$&<n=. n.— h 7 ^o^iSfe^Iw i Waft 5 ** 

IT't), iEm^m/zft^^i-5^i:^r#5o 
[0 0 6 8] «*tt#*LV*jM*W-J:9. 

Wjfluctt, ii-r^^^RS/wwJtMJii-spriistt 

30 &&\7L&? n-^ h ^77^f ^^A^>r^^^ty7 

5:H^r'*)9, *w*»llR*^y«fei:-»cffl 
[0 0 6 9] 

#f^5 k&ffix-X\<*Z>o R*»«ftf6li, i^^^n^h 

[0 0 7 0] Bft^SiXT, m7L& \ 0- 5 mb a r *rH<7) 
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>y V^y hte^Vkn+fttetr-i/^Wm^. -fir— 5/ 

(Dmm^COffigm X & . 1 0- 4 a»"b lO-'mbar, H 
(C»£ L< (i 1 0- 3 a><=> 1 0- 2 m b a r T'»A«:i 

[0 0 7 1 ] «c«fcoT£fi££;fxfc>f 
> Mfc#I&4KiftA-r£o 77^yHb#S4^P)ai 

[0 0 7 2] fflffl^& (IH^it-f) fi> ^Jx-ett-Y^-^ 
Bl, K2, Efi^lfft^/U* 3, 777' 

Sit, MT*#6o SJSP^&fi* *a>4h5Eft< 

[0 0 7 3] 12 a £>J;U<II]2 b tl-fcjJx^fU T/U = — 
/uft Koyt- if t LXtobtlZ ADH(D h V ^» 

£ 0 HI 2 a tC^tLT^&^^GO*^ h/Mi, &J 
(t^7 7 ^> > Mfc#&4«ce[UniS 

y|;+^77^>MW J fi:5 B n 2 b (c^tit 
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h/Hi, ^^P7h^7 7^bMLtt>^^ 
[0 0 7 4] *&W<omMMf&Mlz£Z>t. 

ffil£<Dj&<{ #J;Ll3[I] 2 a (C^-Ti: 9IC136. 1 

0 9 9 Wm/ z ffi£t*o|fi>r Tj-x^ff^E^r^-r £ ~ <h 

(B2bMR) ^M^^5o 
[0075] &i>-c\ FfSMEflStt^ a-f^x^x-^ 
h A-*r#*r U if w fcf-7 ds&ttft'f 
^^ft5Zt^-C#5 0 [H2 bWgM'^XO*^ 
hA-"C\ Wx.(i4 1 8. 7 7 2 4^5 6 8. 7 8 1 3W 

[0 0 7 6] PWM^lBHcJ;*^ 3 6. l 0 

9 9 Wm/ z I^^o@^)(7)I^ ty^ll^tl, 
^j^Lii*4 1 8. 7 7 2 4 ^ 5 6 8. 7 8 1 3 (Om/ z fit 

/u^3li. 7 t L tftlHS <t 5 8S 

Six, *ltW(c«t**>r^v<D9*>io<o^, «X.tf4 
1 8. 7 2 2 4 Om/ z tt^o>f t y<D^S: 7 7 ^> 
> h{b#^4{c{Bi^i-6o 77^> Mt*«4l4, -t 

30 (Dftiia^^v^-t-s^*^^^^ h^s»e>ixs 

[0 0 7 7] -T-<T(O^ttM^^V^t: 0 -7{C^-Lr^ 

[0 0 7 8] ^^(7)f— t fr^Mxfo&ii^fr&tk'felr 

[0 0 7 9] ^^^^P^ffi^tC^LT, ^-TtI-^^ 
[0 0 8 0] *!6WcolB2WllJte^ffilcJ:5i:, f^ffigl 
so T'^6o i^t>^^)Si^^t' r««S:«-SttT 



(15) 
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[0 0 8 1 ] fg2c7)|£»^lcj;6£, J^-5^3imi£ 
[0 0 8 2] #38e;icofcP£ U^HiSTT^^^^flg^ltc 

[0 0 8 3] ^Mffil -^a- h^/UPX 

36£*xrt:* ^^^K±(CfiF*E-t-SfflIRSflFtt (post-tra 
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1 TITLE OF INVENTION 

METHODS AND APPARATUS FOS MASS SPECTROMETRY 

2 CLAIMS 

1. A method cfmass s pe c t r amt t r y comprising tbc steps of: 
providing ao ioo source II) which generates tens; 

filtering said ions sc that iens having a ma s s - 1 o -c h i r g c ratio within a 
first range are substantially transmitted and sc that the transmission c 
f ions having a ma s s - t o -c ba i g e ratic outside cf said first range is subs 
taotially rcdaccd: 

passing the filtered ions to a fragmentation means (4) operated in a fir 
st mode whercio at least a portico of the filtered iens arc fragmented t 
o prcduce daughter iens; 

mass analysing cl at least some cf the iens which have passed through sa 
id I ragmentat ion means (4) operating in said first mode; 
characterised in that said method further comprises the steps of: 
identifying as daughter ions, at least seme iens which are determined to 
have a mass-lo-eharge ratic which falls cntside of said first raoge: 
wherein if one or more daoghttr ions are determined to be present, then 
said method further comprises the step of determining whether said cne o 
r more daughter ices correspond with cne ct mere predetermined daughter 
iens, and wherein if it is determined that said cne or more daughter ion 
s dees correspond with one or more predetermined daughter ions, then S a i 
d method farther comprises the steps of: 

operatiog said fragmentation means (4) in a second mode wherein sobstaot 
tally less cf the filtered ions are fragmented than in- said first mode; 
and then 

mass analysing at least some of ibe icos which have passed through said 
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f r agmecta t ion mc a □ s [4} operating in said second mode. 

2. A method uf mass spccircraet ry as claimed in claim I, wherein said fi 
rst range is variable. 

3. A method of mass spectrometry as claimed in claim I cr Z : whereiD tb 
e step cf mass analfsiog it .least seme of the ices which have passed thr 
cngh said fragmentation means (4). cpe r a t i ng in said first mode comprises 

obtaining a first mass spectrum aod therein tbe step cf mass analysing 
ai least some «f the iens which have passed through said fragmentation m 
eans (0 operating in said second mode comprises obtaining a second mass 

s pe c t r nm . 

(. A method cf mass spectrometry as claimed in claim 1 . 2 cr 3 : where in 
after the step c! nass analysing at least some of tbe icas which have b 

een passed through said f i a gme n i a t i o o means (4) operating in said second 
mcde, said methed further comprises the step cf identifying at least cn 

e candidate parent ioo. 

5. A method cf mass spectrometry as claimed in claim 4 when dependent a 
pen claim 3, wherein said at least coe candidate parent ico is identifie 
d by comparing the iotensitv of ions having a certain mass-to-charge iat 
ic in said first mass specuam with the intensity cf ions having the sam 
e mass-tc-charge ratio in said Seccnd mass spectram. 

6. A methed of mass spectrcmctiv as claimed in claim 4 cr 5. further cc 
mp rising the steps cf: 

filteriog the ions upstream cf said fragmentation means (4) sc that ions 
having a mass-tc-charge ratio within a second range wbica includes at 1 



(30) 



ftffi 2002-100318 



cast c o e candidate p a r e d t i c d are a m a a g c d t c be s u b s t a n t i a I I ? t r a o s o i 1 1 
ed to said f i a gme n t a t i c c means (4) aod so that the 1 1 a.asm i s s i c a of ions 
h 3 y i Qg 2 mass-t c-chaige ratio outside cl said second range is substantia 
i I y reduced : 

operating said fragmentation, means (4) sc that sobs t ao t i a 1 i y more cf sai 
d ions arc fragmented tbao is said second mode; and then 
mass analysing at least seme cf tbe ioos which hate passed thrcogb said 
f r agmen t alien means (4 j . 

7. A method of mass s p e c t r erne t r y as claimed in claim 6, wheieio said se 
cend range is selected sc that enly icos hating ma S S - t o - c h a r ge ratios wi 
thin ± k mass- tc-charge suits cf a candidate parent icn are substantial 
It 1 7 a q sm i tied tc said fragmentation means (4}, wherein x is selected fr 
cm the group comprising: [i) 0.5; (ii) 1.0; iSii) 2.0; (it) 5.0; [v] 10. 
0; (Ti) 15.0; and (rii) 20.0. 

8. A method cf mass spectrometry as claimed in any preceding claim, whe 
rein said "icn source (0 is selected from the grcop comprising: (i) an e 
lectrospray ion scurce; (ii) an atmospheric pressure chemical ionization 

icn scorce; aod (iii) a ma t r i l assisted laser descrptico ion sonrce. 

9. A method cf mass spectrometry as claimed in claim S. therein said ic 
n scorce (l) is presided with an elnent ever a period of time. Said elue 
at having been separated from a mixture by means of lipoid c h r cma t c g r a ph 
y . 

10. A method of mass spectrometry as claimed in anj of claims 1-7, wber 

V 

eio said ion source (l) is selected frcm tbe group ccmprisiog: (i) an el 
ectrco impact icn source; (ii) a chemfcal ionization icn sonrce; aod (u 
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i ) a field i c b i s a t i c & ice s c a i c c 

11. A metfecd cf mass spectrcmetrf as claimed ic c la in- 10 , wherein said 
ioo source (l) is presided *ith an e 1 ue b t ever a period of time, said el 
aect having been separated i rem a mixture by means cf gas c b i etna t eg r a p hy 

12. A method cf mass spectrometry as claimed in any preceding claim, wh 
ereio said mass analysing steps arc performed by a o analyser selected fr 
cm the group comprising: (i) a Quadripole mass lilter: (ii) a time-cl-fl 
igbi mass analyser; (iii) an ion trap; (iO a magnetic sector analyser; ' 
and (v) a Fcnrier Transform lco Cyclctrcn Kcscnaoce (' FTl CR" ) mass ana I y 

ser . 

13. A method cf mass spectrometry as claimed io any preceding claim, wh 
crein said filtering step(s) are performed by a mi 1 1 i -e 1 erne a t icn optica 
1 lens (3). preferably a quadmpcle red set. 

14. A method of mass spectrometry as claimed in claim 13, further ccmpr 
ising providing both a RF and a DC electric field to said ma 1 1 i - e I eme o t 
ion optical 1 en s (3). 

15. A method of mass spectrometry as claimed in claim 13 or H, wherein 
said EHlM-element icn optical lens (3) is arranged to substantially tr 

ansmit coly ions having ma s s - 1 c -c fa a r gc ratios greater than a first value 



IS. A method cf mass spectrometry as claimed io claim 
first value is selected from the grcsp comprising: (i) 



15, whe r e i n said 
100; (ii) 150; (i 
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ii) 200; (if) 250; (0 300: (vi) 350; (Hi) 400; 4 5 0: and [Is) 50 

0. 

17. A method of mass s pe c t r ome i r y as claimed io claim 15 or 16, wherein 
the step cf identifying daofhter icos comprises identifying at least sc 

me ions which are determined to have ma s s - t c -c ba r ge ratios less than sai 
d first value. 

18. A method of mass spectrometry as claimed io an? preceding claim, wo 
ereio Said f r a grae o t a t i c n means (4) comprises a collision cell selected f 
rom the g r c o p ecmp rising: (i) a qoadrupole red set; (ii) an hexapcic red 

set; (iii) an octcpele red set; and (i?) ao electrode nop set. 

19. A method of mass s pe c t r grae t r y as claimed in claim 18, wherein said 
collisioo cell is cpented in a RF c o 1 y mode. 

20. A methed of mass spectrcroetrj as claimed in claim IS cr 19, further 
comprising the step cf providing a collision fas to said collision cell 
at a pressure within the range 10"* to IO" 1 mbar ? preferably IO" 3 to 10 

mba r . 

21. A method cl mass spectrometry as claimed in any cf claims 18, 19 ci 
20, whereio said collision cell forms a s o b s 1 1 o t i a 1 1 y gas-tight eoclosn 

r e . 

22. A methed cf mass spectrometry as claimed io any preceding claim, wb 
eiein said predetermined daoghtcr ions comprises icos selected from the 
grcop comprising: (i) iramcuiam ices from peptides; (ii) foncticnal group 
S ioclodiog phosphate grcop P0 3 " icos from phc s ph o r y I a t e d peptides; and 
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(iii) mass tags which are intended ic cleavt from a specific molecule cr 
class of molecule and tc be «ibccqienily identified t.buS repcrticg the 
presence of said specific nulecole cr class cf molecule. 

23. A method cf mass spectrometry as claimedio any preceding claim, wh 
crcio operating Said fragmentation means (4) io said first mode comprise 
s tbe step of supplying a voltage tc said fragmentation meaas (4) select 
ed from the group comprising: (i) >= 15V; (ii) >= 26V; (iii) >= 25V; (iv 
) >= 30V; CO > 50V: (ti) >■ 1 0 0 V ; (Hi) >• 150V; and (viii) >= 2 0 0V, w 
he r e ">-" Stands for 'greater tban or equal tc s . 

24. A method of mass spectrometry as claimed in any prccediog claim, wh 
ereio operating said f r agraea t a t i co means (0 io said second mode ccmpris 
es the step cf supplying a Tcitage to said fragmentation means (4) selec 
ted from the group comprising: (0 <= 5V; (ii) <= 4.5V; (iii) <= 4V; (iv 
) <= 3.5V; (v) <= 3V: (vi) O 2.5V; (rii) O 2V; (viii) V 1.5V: (ix) O 

IV; u) <- 0.5V; and (xi) substantially OV, rhere stands fci 'grea 

t e r tban cr equal t c n . 

25. A method of mass spectrometry comprising the steps cf: 
providing an ico sccrce (1) which generates ions; 

filtering said ions so that s a b s t a n t i a 1 1 y only ions having a na s s -t c -cha 
rge ratic greater than a first value are transmitted. Said first value b 
ei ng between 100 and 5 0 0; 

passing the filtered iens tc a fragmentation means (4) operated io a fir 
st mode with an applied voltage greater tban ci epai tc 15V wherein at 
least a portico of tbe filtered ions are fragmented tc produce daughter 
ions; 

mass analysing at least seme cf the ions which have passed through said 
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f lagmentat ion means (4) operating in said first mode; 
characterised io that said method fnrther comprises the steps cf: 
identifying as daughter ions, at least some icos which are determined tc 
ha* e raass-t c-charge ratios less than said first ▼ a 1 o c : 
wherein if one or mere daughter icos are determined to be present., tbeo 
Said method farther comprises the step cf determining whether said cne o 
r mere daughter ions correspond with one or more predetermined daughter 
ions, and wherein if it is determined that said one or more daighter ioo 
s docs correspond with cue cr mere picdetermioed daughter ions, then sai 
d method farther comprises the steps of: 

operating said fragmentation means (4) in a second mode with an applied 
voltage less thao or equal to 5V wherein substantially less of said ions 

are fragmented than in said first mode: and then 
mass analysing at least some of the ions which have passed through said 
fragmentation meaos (4) operating in said second mode. 
26. A mass spectrometer comprising: 
an ico source (1) for generating icos: 

a multi-element ion optical leos (3) for filtering icos so that ions hav 
iog a mass-tc-cbarge ratic within a first range are substantially transm 
itted and so that the transmission of icos having a mass-to-charge ratio 

cats i d c cf Said first range is snbstantially reduced; 
a fragmentation means (4) arranged and adapted to be operated io a first 

mode wherein at least a portico of the iens received by said (ragmeotat 
ion means (4) are fragmented to' prodoce daughter icos; 
a mass analyser for mass analysing at- least some of the ions which have 
passed thrccgh said fragmentation meaos (4) operating in said first mode 
; and 

a control system foi controlling said mass spectrometer; 
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characterised in that: 

said c c o t r c 1 system is a i r a o g e d to identify as daughter, i c o < f a » least 5 
cme ions which ire determined to hive a ma s s - 1 c~c fa a r ge ratio which falls 

cotfide ol said first range, ©herein if one or mere daughter ions are d 
etermined tc be present, then said control sclera determines whether sai 
d odc cr mere daughter ions correspond with one cr mere predetermined da 
ogbter iens, and wherein if said cccticl system determines that said coe 

cr more daughter tens dees correspond with one cr more predetermined da 
tighter iens, then said control system switches said f i agme o t a t i c n means 
(4) so as tc operate in a second mode wherein sibstaotiallj less of the 
iens received by said f r a gme o t a t i c a means (4) are fragmented than in sai 
d first nude and whereupon said mass analyser is arranged to mass analys 
e at least seme of the icos which ha y e passed throogh said fragmentation 

means (4) operating in said second nude. 

27. A mass spectrometer as claimed is claim 26. wherein said mass aoalr 
ser is selected from the group comprising: li) a qoadrupcle mass filter; 

(ii) a time-cf-f I ight mass analyser; (tii) an ion trap; a magnetic 

sector analyser; and (t) a Fcoriei Transform Icq Cyclotron Eescnance (" 
FTICD mass analyser. 

28. A mass spectrometer as claimed io claim 26 or 27. wheieio said mo 1 1 
i-element ion optical lens (3) comprises a quadiopole miss filter. 

29. A mass spectrometer as claimed in claim 26, 27 or 28. wnerein said 
fragmentation mean? (4) comprises a collision cell selected from the grc 
op comprising: (i) a qaadrupc le red set; (ii) an heiapcle red set; (iii) 

an octopcle rod set; and (if) ao eleclrcdc ring Scl. 
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30. A mass s pe c t r cine l e i as claimed id claim 2?. wherein sai& c o I I i s i c a 
cell form? a substantially gas-tight enclosure. 

31. A mass spectrometer comprising: 
an ion source ( 1 ) f c i f e n e r a I i o g ions; 

a multi-element icn cptical.leos (3) fci filtering icos so that icos hav 
ing a mass-t c-charge ratic greater t ha o a first value are substantial!? 
transmitted and sc that the transmission cf ions having a ma s s - 1 c - c h a r ge 
ratic less than said first value is substantially reduced, said first v 
aloe being between 100 and 500; 

a fragmentation means (-0 arranged and adapted tc be operated in a first 
mode with an applied vcltage greater tbao cr equal tc 15V wherein at (e 
ast a portion cf the iens received by said f r agnic n t a t i on means (4) are f 
ragmeoted tc produce daughter inns; and 

a mass analyser fcr mass analysing at least seme of the icos which have 
passed through said fragmentation means (4) operating in said first mode 

whe r e i n : 

said mass spectrometer is configured tc identily as daughter iens, at le 
ast seme ions which are determined tc have i ma s s - i c - c h a r g e ratio which 
is less than said first valne, whereio if cue or more daughter ions are 
determined to be present, then said mass spectrometer is arranged to det 
ermine whether said one cr mere dangbter ions correspond with one or mc r 
e predetermined daughter iens, and wherein if it is determined that said 
one or mere daughter ions does' correspond with one cr mete predetermine 
d daughter ions, then said mass jpechemeter is arranged and adapted to 
switch said fragmentation means (4) so as tc operate in a second mode wi 
th an applied voltage less than cr eqoal tc 5V whereio substantial!! Us 
s of the ions received by said f r a gme o t a t i c n means (4) are fragmented th 
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2D in said first mcde 3 g d whereupon said mass analyser is arranged to ma 
55 analyse at least seme cf the ices which have passed. through said frag 
mentation means (4) cperating in said second cede. 

32. Apparatus arranged and adapted tc perform the metbed cf any of clai 
ms 1-25. 

33. A metbed cf mass s p e c t r erne t r t ccmprisiag the steps cf: 
p r 0 y i d i n g an ico source (l) which generates iens; 
characterised io that said method farther comprises the steps cf: 
passing the iocs to a fragmentation means (4) which operates in at least 

a first racde therein at least a portico cf the 1 ens are fragmented tc p 
iodic* daughter ions a d d a second mode wherein sabstantiaily less of the 

ions are fragmented than io said first mcde: 
mass analysing at least some cf the ions which have passed through said 
fragmentation means (4) operating in said first mcde; 

mass aaaiysing at least s erne of the iocs which have passed through said 
f ragraentat icn means (4) operating in said second mode: 
identifying at least one daughter ion and at least one candidate parent 
icn: and 

determining whether: (i) said at least one daughter icn corresponds with 
one cr mere predetermined daoghier ions; aod/cr (ii) Said at least one 

daughter inn and said at least one candidate parent icn could be related 
by the less cf a predetermined icn or oeatral particle. 

34. A method cf mass spectrometry as claimed in claim 33, further ccmpi 
ising: filtering the iens upstream of said f r a gme a t a t i 0 s means (4) so 
that ions having a mass-tccbaigc ratYo within a first range are substan 
tiaily transmitted and so that the transmission cf iens having a mass-tc 
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-charge r a t i c c u t s i d e c i said first range is substantially r c d o c e d . 

35. A mefcbed of mass spect rcmetiy as claimed in claim. 34. therein said 
first range is variable. 

36. A method cf mess spectrometry as claimed to claim 34 or 35, wherein 
the step cf identifying at least coe daughter ioo comprises determining 
at least some iens which have a ma s s - t c-c h a r g e ratio which fails ootsid 

e of said first range. 

37. A method cf mass spectrometry as claimed in an? cf claims 33-36, wh 
erein the step of mass aoalysing at least seme cf the ions which have pa 
ssed through said fragmentation means (4) operating in said first mode C 
emprises obtaining a first mass spectrum and wherein the step cf mass an 
alysing at least seme cf the icas which ba?e passed through said fragmen 
taticn means [4) operating in said second mode comprises obtainiog a sec 
o Q d mass spectrum. 

38. A method of mass spectrometry as claimed in claim 37 ? wherein said 
at least one candidate parent ion is identified by comparing the inteosi 
ty cf iens h a y i o g a certain mass-to-charge ratio in said first mass spec 
trora with the intensity cf iens having ihc same ma s s -t c-c ha r ge ratio in 
said se c ood mass spectrum. 

39. A method of mass spectrometry as claimed in claim 37 or 38. wherein 
said at least one daoghter ion is identified by comparing the intensity 
of Leas having a certain ma *s - 1 c -c h a r g e ratio in said first mass spectr 

cm with the intensity of ions having the same ma s s- t c- ch a r g e ratio in sa 
id second mass sped ram, 
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40. A method cf mass spectrometry as claimed in any cl claims -2 3 -39, wh 
crfin if it is determined that: (i) said at lean coc daughter ico cone 
spends with a p r c d c t e rm i o e d daughter ico; and/cr (ii) said at least one 
daughter ico aod said al least one candidate parent ico could be leiated 

by the less cf a predetermined icn or oeetral particle, then said me the 
d foTther comprises the Steps of: 

filtering the iens upstream of said iragmentatioE means (0 so that ions 
having a ma s s-tc-cha r ge ratio within a second raige which includes at I 
east one candidate parent icn are arranged to be substantial)/ transmit! 
ed tc said f t a grae n t a t icn means U) and so that the transmission cl iens 
having a ma s s -t o -c h a i g e ratio cuts i d c of said second range is sobstantia 
I 1 y reduce d t 

operating Said fragoicntat tea means (4) sc that substantially more of sai 
d iens aTe fragmented than io said second mcde; and 

mass analysing at least some of the iens which ba*e passed through said 
f r agme n t a t i o o means (4) . 

41. A method of mass spectrometry as claimed in claim 40 ; wherein said 
second range is selected sc that coly ions having ma ss -tc -c ha r ge lafcios 
withio ± x mass-to -charge units cf a candidate parent icn are sobstaoti 
ally transmitted tc said f r a gmc n t a t i c n me a n s (0 . wherein x is selected 
from the groop comprising: (i) 0-5; (ii) 1.0; (iii) 2.0; (iO 5.0; (v) 1 
0.0; (vi) 15.0; and (vii) 20.0. 

42. A method of mass spectrometry as claimed io any of claims 33-41, wh 
erein said ion scarce (1) is selected from the group comprising: (i) an 
electrcspiay icn scarce; (ii) an atmospheric pressure chemical icnixatio 
q ion source; and (iii) a matrix assisted laser descrptico ioo source. 
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43. A me l he d cf mass s pe c t r cme t r v as claimed in claim 42, wbeieio said 
ion source (l) is provided with ao eloent over a period cf ticie ; said el 
oeot having been separated (rem a mixture bj meats cl liqoid caromatcgra 
phy. 

4-1. A method cf mass spectrometry as claimed in any cl claims 33-41. wh 
erein said ico scorcc (l) is selected from the group comprising: (i) ao 
electron impact ico scarce; (ii) a chemical ionization ion scarce; and ! 
i i i ) a field i c □ i s a t i c n ion scarce - 

45. A method cf mass spectrometry as claimed in claim 44, wherein said 
ion scorce (l) is provided with an eloeot over a period cl time, said el 
uent having been separated from a minor? by means 1 1 gas chromatography 

46. A method of mass spectrometry as claimed in any of claims 33-45, wh 
erein said mass analysing steps are performed by an analyser selected fr 
om the group comprising: (i) a quadmpcle mass filter; (i i) a time-cf-11 
igfat mass analyser; (iii) an icn trap: (if) a magnetic sector analyser; 
and (v) a Fourier Transform Ion Cyclotron Resonance J* FT ICR 3 ) mass aoaly 
s e r . 

47. A method of mass spectrometry as claimed in any preceding clam whe 
a dependent open claim 34 or 40, wherein said filtering Step[s) are perf 
ormed by a mu 1 1 i -c 1 eme o t ion optical leos (3) s preferably a qoadrcpole m 
ass filter. 

48. A method cf mass spectrometry as claimed in claim 47, farther corapr 

Hi 
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isiug prciidiog both a RF and a DC electiir field tc said mi : l i -« 1 enesi 
ion cpi ica 1 leos (3) . 

49. A method of mass spectrometry as claimed Id claim 47 or 48, wherein 
said multi-element ion optical leos (3) is arranged to substantially tr 

ansmit col? ions hating mass-t e-cba rge ratios greater than a first value 

50. A method of mass s pe c t r erne t r y as claimed in claim 49, wherein said 
first value is selected from the grcop ecraprisinr: (i) 100; (ii) ISO: (i 
ii) 2 00 ; (iv) 2 5 0 : [») 30 0: (vi) 3 5 0 ; (vii) 4 0 0 : (viii) 4 5 0; and (ix) 50 
D. 

51. A method of mass spectrometry as claimed in claim 49 or $0. wherein 
the step of identifying daughter ices comprises identifying at least so 

me i ens which are determined tc have ma s s -t c-cha rge ratios less than sat 
d first value. 

52. A method of mass spectrometry as claimed in any of claims 33-51. wh 
eiein said f r a gmcn t a i i o o means (♦) comprises a cellisico cell selected f 
rom the gioip comprising: (i) a quadrnpele icd set; (ii) an hexapoie icd 

set; (iii) ao octopole rod set; aod (iv) an electrode ring set. 

53. A method of mass spectrometry as claimed in claim 52, wherein said 
collision cell is operated in a SF only mode. 

54. A method of mass spectrometry as claimed in claim 52 or 53, further 
comprising the step of providing a collision gas tc said collision cell 
at a pressure within the range llT^tc 10" 1 mbar, preferably I0" 3 to 10 
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" 2 mba r . 

55. A methcd cf mass spectrometry as claimed io any c f. claims S2 ? 53 ci 
54. wherein said collision cell forms a substantially gas-tight enclose 
re. 

56- A method cf mass spectrometry as claimed io aoy cf claims 33-55. Fh 
erein said predetermined daughter ioos ccioprises ions selected Ircm the 
grcop ccmprisiog: (i) immontam ioos from peptides; (ii) functional group 
s including phosphate group PO3" icos from phosphc ry I a t ed peptides: and 
Ciii) mass tags which are intended tc cleave frcm a specific molecule cr 
class cf molecule and tc be snbseqnently identified thus reporting the 
presence cf said specific mclecnle cr class cf molecule. 

57. A method cf mass spectrometry as claimed in any* cf claims 3 3 - 5 5 . 
erein operating said f r a gme 0 t a t i c n means (4) in Said first mcde comprise 
s the step ol supplying a voltage tc said fragmentation means (4) select 
ed from tie group comprising: (i) >= 15V; (ii) >= 20V; (iii) >= 25V; (iv 
) >= 30V; (f) >= 50V; (n) > 1 0 0 V ; (vii) >= 150V; and (?iii) >= 2 0 0V T w 
here *>=' stands for 3 greater than cr equal tc 3 . 

58. A method cf mass spectrometry as claimed in any cf claims 33-57. 
ereio operating said fragmentation means (4) in said second mcde ccmpris 
es the step of supplying a uoltage tc said fragmentation means (4) selec 
ted from the group comprising: (i) O 5V; (ii) <= 4.5V; (iii) <= 4V; (i? 
) O 3.5V; (?) <= 3Y; (vi) <= 2.5V; (vii) <= 2V; (viii) <= 1.5V: (ii) <= 

IV; (x) O 0.5V: and (xi) substantially 0Y\ where 0 <X stands for "less 
than or equal tc a . 
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4) are fragmented to produce daughter iocs and a secood mcde wherein sob 
staotially less of the ioos are fragmented thao in said first mcde; 
a mass analyser for mass analysing at least some cf the ions which have 
passed through said i r a gme a t a t i o o means (4) operating in said first mcde 
and for mass analysing at least seme of the ioas which tme passed thro 
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ogh said fragmentation means (4) operating in said second mode; and 
a control system for controlling said mass s pe c t r omc t e i ; 
wherein said control system is arranged tc identify it least coe daaghte 
r ica and at least one candidate parent icn and tc determine whether: (i 
) said at least ooe daughter, ion ccrrespcods with gd« ci mere predeterni 
ned dangbter icos; aod/cr (ii) said at least cne daughter icn and said a 
t least cne candidate parent ion coold be related by the less cl a prede 
termined ico or neutral particle. 

61. A mass spectrometer as claimed in claim 60. wherein said mass aaaly 
ser is selected f r cm the group comprising: (i) a qoadrnpcle mass filler: 

(ii) a time-cf-f light mass analyser; (iii) an icn trap: (iv) a magnetic 
sector analyser; and (?) a Fourier Transform Icn Cyclotron Uescoaocc 0 
FTICT ) mass analyser . 

62. A mass spectrometer as claimed in claim 60 cr 61, further ccmprisin 
g a multi-element icn optical lens (3) for filtering ions so that iens h 
aving a ma s s -t c -c h a r ge ratio within a f irst range are substantial ly trao 
smi t ted and so that the transmission cf ions having a na s s-t c*cha r g e rat 
io outside of said first range is substantially reduced. 

63. A mass spectrometer as claimed in claim 62. wherein said multi-eiem 
e n t ion optical lens (3) comprises a qnadrnpole mass filter. 

64. A mass spectrometer as claimed in any of claims 60-63, wherein said 
f ragmefitati cn means (4) comprises a collision cell selected from the gr 

cop comprising: (i) a quadiupcle red set: (ii) an hexapcle rod set; (iii 
) an octopcle rod set; and (iy) an electrode ring set. 
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65. A mass spectrometer a? claimed i c claim 64. wherein said collision 
cell forms a ssbsiantiaMy gas-tight enclosure. 
65. Amass spec t r cms te r comprising: 
ao ico source { 1 ) fcr generating ions; 

a fragmentation means (0 switchable between ii least a first mode with 
an applied voltage greater than cr equal tc 15V wherein at least a pcrti 
ca of the ions received by said f r a goe o t a t i c o means (0 are fragmented t 
c produce daaghter iens and a second mode vith an applied vcltage less t 
han or equal to 5V wherein s ob? t an t i a 1 ! F less of the ions aie fragmented 

than in Said first mode; and 
a mass analyser for mass analysing at least some of the iens which have 
passed through said f r agment a t i c n means (4) operating in said first mcde 

and f o i mass analysing at least seme of the ions which have passed thic 
ogh said f r a gme a t a t i c n means (4) operating in said second mcde; wherein 

said mass spectrometer is configured to identify at least one daughter 
ion and at least coe candidate parent ion and tc determine whether: (i) 
said at least one daaghter ico corresponds * i t b one or mere predetermine 
d daughter ions; and/cr (ii) said at least one daughter ion and said at 
least coe candidate parent icn could be related by the loss of a predete 
mined ioa or neutral particle. 

67. Apparatus arranged and adapted to perform the method ol any of clai 
ms 33-59. 

3 DETAILED DESCRIPTION OF INVENTION 

The present invention relates.tc methods and apparatus fcr mass spectrcm 
etry . 

Tandem mass s p e c t r oroe t r j (MS/MS) is the naaie given tc the method of mass 
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spec tremetry therein parent icns geoerattd {rem a sample arc selected b 
y a first mass filter/analyser and aie then passed to a collision ceil w 
herein they are fragmented by collisions with nculml gas molecules 4c y 
ield daughter (cr "product 3 ) icns. The daughter ioos are then mass aoa! 
y<ed by a seccad mass filter/analyser, and the resulting daughter ice sp 
cctra can be used to determine the ? I met are cf the parent (cr "pre or so 
r") ico. Tandem mass spectrometry is part ictlarlj useful for the aoalys 
is cf complex mixtures s o c h as bicmclecules since it avoids the need fcr 

chemical clean-up prior tc mass spectral analysis. 
A particular fern of tandem mass spectrometry referred to as parent ion 
scanning is known, wherein in a first step the second mass f i 1 t e r/a oa 1 J s 
ei is arranged to act as a mass filter sc that it will only transmit and 

detect daughter ions having a specific mass-to-charge ratio- The speci 
fie mass-tc-charge ratio is set sc as tc correspond with the mass-to-cha 
rge ratio cf daughter ioos which are kocwn to he characteristic products 

vbicb result from the fragmentation of a particular parent icn cr type 
cf parent icn. The first mass filter/analyser upstream of the collision 

cc j] [c then scanned whilst the second mass f i 1 1 c r/a o a 1 y s e r remains fix 
ed tc monitor for the presence cf daughter ions having the specific mass 
-to-charge ratio. The parent icn mass-tc-charge ratios which yield the 
characteristic daughter ions can then be determined. As a Second step, 
a complete daughter ion spectrum fcr e,ach cf the parent ion mass-to-char 
ge ratios which produce characteristic daughter ions may then be obtaioe 
d by operating the first ma s s filter/analyser so that it selects parent 
ioos having a particular ma s s - 1 c - c h a r £e ratio, and scanning the second m 
ass filter/analyser to record the resulting foil daughter icn spectrum. 

This can then be repeated for the ether parent ioos cf interest. Pare 
nt ion scanning is useful when it is oct possible to identify parent ion 
s in a direct mass spectrum due to the preseoce cf chemical noise, which 
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is frequently en c on n t e r e d . fcr eiampU, in ihc electrospraj mass spectr 
a of biomolecoies. 

Triple qaadropcle mass spectr ome t < r s having a first qaadmpcle mass Hit 
er/analvser, a qoadrupcie collision cell into which a collision gas is i 
otrodoced, and a second quad.iupclc mass f i 1 1 e r/a aa ! y < e r aie we I i inewn. 

Another type of mass spectrometer (a hybrid qo a d r up o 1 e -t i me of flight ma 
ss spectrometer) is kocwn wherein tic second quadrupcle mass filter/anal 
yser is replaced by an orthegcoa! time of flight mass analyser. 
As will be shown below, both types cf mas* spectrometers when osed tc pe 
rform conventional methods of parent ico scanning and subsequently obtai 
niog a daighter ioo spectrum cf a candidate parent icn suffer from low d 
ttty cycles which render them unsuitable for use in applications which re 
quire a higher duty cycle i.e. when osed in on-line c h r cma t c g r apby appli 
cations . 

Quadruples hare a duty cycle cf approximately 1 0 054 when being used as a 
mass filter, but their duty cycle drops to around 0.1%when then are us 

ed in a scanning mode as a mass analyser, for example, to mass analyse a 
mass range cf 500 mass onits with peaks one mass unit wide at their bas 



e ■ 



Orthogonal acceleration time cf flight analysers typically have a duty c 
ycle within the range 1 - Z 096 depending upon the relative m/z values of th 
e different ions in the spectrum. However, the duty cycle remains the s 
ame irrespective of whether the' time of flight analyser is being osed as 

a mass filter to transmit ions having a particular mass tc charge ratio 
, or whether the time cf flight analyser is beiog nsed to record a fall 
mass spectrnm. This is due tc the nature of operaticn cf time cf flight 

analysers. When used to acquire and record a danghcr ion spectrum the 
duty cycle cf a time of flight analyser is typically around 5%. 
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Td a first a pp r ox ima t i c a the conventional duty cycle when seeking to dis 
cover candidate parent iocs csin? a triple quadropcle mass s pc e t r ome te r 
is approximately 0.1^ (the first quadrnpcle mass f i I t e i/a d a 1 y s c i is scan 
ned with a duty cycle of 0.1% and the secend qb a d r □ p c I e mass f i 1 1 c r/a a a 1 
yser acts as a mass filter with a duty c f c 1 e cf 1 0056). The duty cycle w 
hen then t a i d i ag a daughter icq spectrum fcr a particular candidate pa 
rent icu is also approximate? 0.1« (the first quadropcle mass filicr/ao 
alyser acts as a mass filter with a doty cycle of 1 0 0 Sc 5 and the second q 
nadrapcle mass f i 1 t e r/a o a 1 y s e r is scanned with a duty cycle cf apprexima 
tely 0.1%). The icsullant duty cycle therefore cf discovering a number 
ci candidate parent ions and producing a daughter spectrum cf one of the 
candidate parent ions is approximately 0.1%/ 2 (due in a twe stage pre 
cess with each stage having a duty cycle cf 0.1%) = 0.05?o. 
The duty cycle cf a qua d r ipo 1 e- 1 ime of flight mass spectrometer fcr disc 
cvering candidate parent icas is a p p r ci ima t e 1 y 0.005% [the quadruple is 
scanned with a duty cycle of approximately 0.1$ and the time cf flight 
analyser acts a mass filter with a doty cycle of approximately $%) . One 
e candidate parent iens have been discovered, a daughter ion spectrum cf 
a candidate parent ion can be obtained with an duty cycle cf 55b (the qn 
adropcle acts as a mass filter with a doty cycle of approximately 100% a 
nd the time of flight analyser is scanned with a doty cycle cf 5%) . The 
resultant duty cycle therefore of discovering a number cf candidate par 
ent ions and producing a daughter spectrum cf one cf the candidate pareo 
t ions is approximately 0.005^ (since 0.005% « 5%) . 

As can be seen, a triple qnadrnpole has approximately an order higher do 
ty cycle than a qn a d r u p o 1 e - t imc cf flight mass spectrometer fcr periormi 
ng ccoTcot icnal methods of parent icu scaooiog and obtainiog confirmatcr 
y daughter ion spectra of discovered candidate parent ious. However, so 
ch duty cycles are not high enough tc be used practically and efficientl 
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y for analysing real time data which is required wbco tie source cf ions 

is the eioent frcro a cbrcmatcgraphy deiice. 
Electrospray aod laser descrptico techniques have made it possible tc ge 
oerate mclecoiar ions having very high molecular weights, aod time of fl 
ight mass analysers are advantageous for tbe a n 3 i t s i s c! such large mass 

bicmcleciies by virtue ef their high efficiency at recording a fall mas 
5 spectrum. They also hare a high resolution and mass accuracy. 
Other forms cf mass analysers soeh as qnadrnpcle ico traps are similar i 
o some ways to time of flight analysers, id that like time cf flight ana 
lysers, they can act provide a continuous output and hence have a lev ef 
ficieocy if ased as a mass filter tc continuously transmit icos which is 

an important feature of the conventional methods cf parent ion scanning 
Beth time of flight mass analysers and qnadrnpole ico traps may be te 
rmed 3 d i sc cnt i nuos s output mass analysers'. 

It is therefore desired to provide improved methods and apparatus for ma 
ss spectrometry, and according tc a preferred embodiment to provide impr 
oved methods aod apparatus which can identify candidate parent ions fast 
er than conventional methods which would be suitable for 0 S e in chromatc 
graphy applications 00 a real time basis. 

According tc a first embodiment and first aspect of the present inventio 
a, there is provided a method cf mass spectrometry as claimed in claim 1 

According to the preferred embodiment cf the present invention, the firs 
t step cf discovering candidate parent ions can be performed with a doty 

cycle of 2.5?b (the qnadrnpole mass filter has a duty cycle of 1 0 0 ?c and 
the lime cf flight analyser has a doty cycle of 5%, but two experimental 

runs oecd tc he performed, one with the collision cell operated in a hi 
gh fragmentation mode and the ether with the collision cell operated in 
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i lc* fragmentation mode., thereby hairing the resultant doty eycie {rem 
5% tc 2.5%). The seccod step of ccofi ruing the i d e o t i.t y cf a parti col ar 

candidate parent ica by performing a fell dangbter spectrum ihe caod 
idate parent icn can be performed with a doty cycle cf 5% (the qnadropol 
e agaio operates as a mass filter vitb approximately 1 0 056 doty ejele aod 

the time cf flight analyser acts as so analyser with a doty cycle of ap 
proximately 5%). Accordingly, only three experimental rons are reqnired 

in order tc disccier a number cf candidate pareot ions and tc produce a 

daughter icn spectrnra of one of the candidate parent iens, each experim 
e o t a I r q q having a d 1 1 y cycle c f 5$ . The r e s a 1 1 a o t c t e r a II d 1 1 y cycle i 
s therefore 5?b / 3 ■ 1.67%. 

The preferred embc d i me a t therefore has a duty cycle which is apprciimate 
ly 30 times better than that cf the conrentional method performed en a t 
riple qnadro'pole arrangement, and shows an imprcvemeot greater than 300 
times compared with the conventional method performed on a qnadropc le-ti 
me cf flight mass spectrometer. Such an improvement enables the apparat 
ns and method according tc the preferred embodiment tc used effectively 
at on-line chromatography lime scales. 

When the fragmentation means is operated in the first mcde. a high vclta 
ge is applied tc the fragmentation means which causes the ions passing t 
beretbrcngh to fragment. However, when the fragmentation means is opera 
ted in the second mode then the iocs are s i b s t a n t i a 1 1 y less fragmented a 
nd there is a higher proportion cf molecular ions which are transmitted 
therethrough. 

Preferably, operating the fragmentation means in the first mcde comprise 
s the step of supplying a voltage to the fragmentation means selected fr 
cm the grcop comprising: (i) >= 15V; (ii) >= 20Y; (iii) >= 25V; (iv) >■ 
30V; (0 > 50V; (vi) >= 100Y; (vii) >= 150V; and (viii) >=200V f where a 
>=" staods for "greater than cr equal to". Preferably, operating the fr 
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a g m e o t a t i o n means in the seccod mode comprises the step cf supplying a v 
cltage tc the fragmentation means selected {rem the group comprising: (i 
) <= 5V; (ii) <= 4.5V; (iii) <= 4V; (jv) <= 3.5V*; (v) <= 3V; (vi) <= 2.5 
V; (fii) <= 2V; (viii) <= 1.5V; (ix) IV; (i) <= 0.5V: aod Cxi) substa 
ntially 0V t where a <= a stands for Mess ibaa ci equal tc = . However, acc 
ording tc less preferred arrangements fcr bcth the first aod second etnbo 
dimcnts cf the present invention, a voltage between 5V and 1 5 V ccold be 
QSed fcr the first mode and/cr the seccod medc. In snch c i r c cms t a s C e s i 
t would be expected that a proportion of the icos in the high energy mcd 
e woald oct actually be fragmented and similarly, in the lew energy mode 
. a proportion of the ions would be fragmented. 

In order tc filter the ions, a first mass filter upstream cf a fragmenta 
tion means, e.g. a collision ceii. is preferably arranged sc that only i 
ens having a mass-tc -charge ratic (hereinafter r m/z n ) greater than a cer 
laic ra/z are transmitted i.e. according to a preferred embodiment the fi 
rst mass filter is initially set tc operate as a high pass filter. The 
cutoff pcint nay be set so that it is a little higher than the m/x valoe 
cf the characteristic dangbtei ion which is being mcoitcred fcr. For e 
jample, if the characteristic danghter ion is known tc have a m/ a value 
of 3 0 0 , then the first mass filter may be set tc only transmit iens haVi 
ng a m/i greater than say 350. Therefore, if an ico having a m/2 valoe 
of 300 is subsequently detected by the mass analyser, then it fellows th 
at the ion must be a daughter ice caused by f 1 a gmeo t a t i on of a parent tc 
0 in the fragmentation means since parent ions having this m/i weald be 
filtered out by the first mass filter. 

Preferably, the first range is ?ariable. The range cf ices transmitted 
by the first mass filter can therefore be altered every scan if necessar 
J ■ 

Preferably, the step cf mass analysing at least some of the ions which h 
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ive passed through the fragmentation means operating ie the first mode c 
omprises obtaining a first mass spectrsm and therein tbe step cf mass an 
alysiog at least seme cf the iens which have passed through the fragment 
aticD means operating id the second mode comprises obtaining a second m 
a s s s pec t r am . 

Preferably., after the step cf mass analysing at least some cf the ions w 
bich have been passed through the fragmentation means operating in the s 
eccnd mode, the method further comprises tbe step cf identifying at leas 
t one candidate parent ion. The at least cne candidate parent ion is pr 
eferably identified by comparing the intensity cf iens having a certain 
mass-tc-charge ratio in the first mass spectrum with the intensity cf io 
ns having the same mass-tc-charge ratio in the second mass spectrum. If 
a high intensity peak is icmd in the )ov energy spectrum bot not in th 
e high energy spectrum then it is likely that the peak represents a eand 
i date parent i cn . 

Preferably, the methed further comprises the steps of: filtering the ion 
s upstream cf the fragmentation means so that ions having a raa s s - t c-c h a r 
ge ratio within a second range which includes at least one candidate par 
ent ion are arranged to be substantially transmitted to the fragmentatic 
o means and so that the transmission of ions having a ma s s - t n -c h a r g e rat 
ic cotside of the second range is substantially reduced; operating the f 
ragraentaticn means so that substantially more cf the ions are fragmented 
than in the second mode; and then mass analysing at least some of the i 
ens which have passed through the fragmentation means. In etherwerds, c 
ncc a candidate parent icn has been identified, then the first mass filt 
er is preferably set tc operate as a narrow bandpass filter sfibstaotiall 
y oniy allowing ions at the ra/z value cf a particular candidate parent i 
on to be transmitted. According tc a preferred embodiment, the second r 
ange is selected so that only ions baring mass-tc-charge ratios withio 
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± i niss-ti-chiigc cl a c a d d I d a t e parent icn are sobs ti At ill If ir 

ansmitted ic the ( r a gmc o tat icq meaos (4), wherein x is selected from the 
group comprising: (i) 0.5; (ii) 1-0; {iii) 2.0;' (if) 5.0; M 10. 0; (vi 
) 1S.0; and (»ii) 20.0. The mass spectrometer therefore operates in a t 
andera MS mode. 

Preferably, the icn scarce is selected from the group comprising: (i) an 
e I tctrcspray icn source; (ii) an atoaospheric pressure chemical icointi 
on icn scarce; and (iii) a malrii assisted laser desorption icn source. 

Such icn sources, especially the first twe, may be provided with an cl 
Bent ever a period cf time, the elaeot having been separated from a mixt 
ore by means cf liqoid chromatography. 

Preferably, the icn sonrce is selected from the group comprising: (i) ao 
electron impact ioo source; (ii) a chemical ionization icn source; and 
(iii) a field icnisaticn icn scuice. Such ion scorces nay be prcvided fr- 
ith an eloent over a period of time, the client having been separated fr 
cm a mixture by means cf gas c h r cma t eg r a ph y . 

Preferably, the mass analysing steps are performed by an analyser select 
ed from the group comprising: (i) a qnadrupcle mass filter; (i i) a time- 
d-flight mass analyser; (iii) an ioo trap; (iO a magnetic sector analy 
ser; and (0 a Fcorier Transform ten Cyclotron Resonance C FT ICR" ) mass 
analyser. A t imc-of -f 1 i gbt mass analyser is particolarly preferred. 
Preferably, the filtering stcp(s) are performed by a no I t i -e i eme n t ion o 
ptical lens, preferably a qnadrupcle rod set, which is further preferabl 
y provided with both a RF ind ( a DC electric field. 

Preferably, the mu I t i -e 1 eme o t ioo opVical lens is arranged to substantia 
lly transmit only ions having mass-to-charge ratios greater than a first 
nine Further preferably, the first value is selected from the group 
comprising: (i) IOO : (ii) 150; (iii) 200; (i») 250; (v) 300; (vi) 350; ( 
vii) 400; (viii) 450; and (ix) 500. The step of identifying daughter io 
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as io a preferred embodiment comprises identifying at least some icos *ii 
ich arc d e l e r m i o e d tc have ma s s - 1 c - c b a r ge ratic* less ;hao the first val 
d c . 

Preferable, the fragmentation means comprises- a collision cell selected 
frc-m the group comprising: (i) a quadrupcie rod set; (ii) 3D bexapole ro 
d set; (iii) an ectopele red set: and (iv) an electrcde ring set. Firtb 
er preferably, the collision cell is operated is a RF only mode and id a 

prefer i e d arrangement is provided with a collision gas at a pressure wi 
thio the range l(T 4 to IO" 1 mb a r , preferably ID" 3 tc 10" 2 robar. Further 

preferably, the ccllisioo cell forms a substantially gas-tight coclcsut 
e. The collisico gas may preferably comprise helium, argco, nitrogen, a 
i r or methane . 

Preferably, the predetermined daughter ions comprises ions selected (rem 

the grcop comprising: (i) immcaium iens from peptides; (ii) functional 
grenps which includes, for example, phosphate (ncup P0 3 " ions from pbcsp 
hcrylated peptides; and (iii) mass tags which are intended tc cleave fro 
m a specific molecule or class of molecule and tc he subsequently ideoti 
fied thos reporting the presence of the specific molecule or class of mc 
I e c u I e . 

According to a preferred embodiment it is possible tc search for Candida 
te parent ions by interrogating the high collision energy MS spectrum (i 
.e. daughter ion spectrum) for mere than cue characteristic daughter ion 
. This may be particularly relevant when the parent iens have been "tag 
ged" with a specific mass tag,. A miltore cf two or more parent iens may 

be tagged each with a differeot mass'tag and which coold be discovered 
by simultaneously monitoring for two or more characteristic daughter too 
s. Hence, parent iens from two cr mere different classes of compounds c 
ould be discovered in the same set of experiments. 

According tc a second aspect of the present invention there is provided 
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a method cf mass spectrometry as claimed in claim 25. 

According to a tbird aspect of the present isvcntico. there is provided 
a mass spectrometer as claimed io claim 26. The implementation of the v 
aricas steps by a coot id system, preferably ca automatic control system 
, is merely a preferred feature . Id a less preferred embodiment some cf 

the methed steps ccold i n v c 1 v e human interact icn frcm aa operator. 
According to a fourth aspect ol the present invention, there is provided 

3 mass spectrometer as claimed in claim 31. 
According to a fifth aspect of the present invention, there is provided 
apparatus arranged and adapted tc perfcrm the method cf any cf claims l- 
25. U a less preferred embodiment seme cf the method steps may involve 

bomao interaction with an cperatcr. 
Acccrdiog tc a second embodiment and sixth aspect of the present ioventi 
on, there is provided a methed cf mass spectrometry as claimed in claim 
33 . 

Whereas in the first embodiment, the fragmentation means was operated in 
the second mode (where there was a lesser degree of f r a grae a t a t i o o) coly 
once a daughter inn cf interest had been identified, according tc the s 

eccnd embodiment the fragmentation mearjs preferably switches back a o d fo 

rth between the high and low energy modes i.e. a parent ico spectrum may 
be obtained without having first determined (or irrespective of) whethe 

i, for example, a predetermined daughter ion has been determined to be p 

resent. 

Three different modes cf operation (ci s n b-emb c d i me d t s) are contemplated 
by the second embodiment. In a first'mcde of operation it is only nece 
ssary to determine whether a predetermined danghter ion is present io Ih 
e daughter ion spectrum. In this particular mcde it is net strictly oec 
essary for a candi date parent ion to have first been identified, althoog 
h this is preferable. In a second mode cf operation it is determined wh 
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ether there could be seme connection between at least coe daughter icn a 
nd at least one candidate parent ion by virtue of the less cf a prerieter 
mtoed icn (such as, fci eiample, a functional grcop) ci the less cf a Qe 
etral particle. A third mode cf eperalicn is a 1 S c coot emp t a t e d in which 
the determining steps cf bc.tb the first and second modes cf operation m 
ay be performed- 

Preferably, the method farther comprises the step of filtering the iens 
upstream cf the fragmentation means so that ions having a ma S S - t c - c ha r ge 
ratio within a first range are substantial ly transmitted and <c that th 
e transmission cf iens having a niss-tc-chirgc ratio outside cf the iirs 
t range is substantially reduced. 

Preferably, the first range is variable and hence may be altered each Sc 
an . 

Preferably, the step cf identifying at least one daughter icn comprises 
determining at least some iens which have a mass-to-charge ratio which f 
alls outside cf the first range. According to the secend embodiment, id 
entifying a daughter icn on the basis cf the daogbter ion having a m/s I 
ewer than the cut-eff value cf a first mass filter is only one way cf id 
eotifying a daughter ion. Other ways cf identifying a daughter icn aie 
a 1 5 c cc d t emp 1 a t e d . 

Preferably, the step cf mass analysing at 1 c a s i some of the ions which h 
ave passed through the fragmentation means operating in the first mode c 
oraprises obtaining a first mass spectrum and wherein the step of mass an 
alysing at least seme cf the i, c n e which have passed through the fragment 
aticn meaos operating in the second mode comprises obtaining a Second ma 
ss spectrum. 

Preferably, the at least coe candidate parent ion is identified by c otnpa 
ring the iolensity of ions having a certain ma s s - t o -c ha r gc ratio in the 
first (daughter ion) mass spectrum with :he intensity of ions having the 
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same ma s s - t c~c ha r ge ratio io the second (parent ion) mass spectrum. Pr 
cfcrably, t b e at lean cne danghrcr ion is identified comparing the i 
density of ions having a certain niass-tc-charge ratic in the first mass 

spectrum ffith the intensity cf icos h a ? i Q g the same ma s s - 1 c -c ha r g c iali 
c io the second mass spectrum. A candidate parent icn will preferably h 
ave a Each higher intensity in said second mass spectrum compared with s 
aid first spectrum (and vice versa fcr a daughter icn). 
Preferably, if it is determined that: (i) the ai least one daughter icd 
corresponds with, a predetermined daughter ion; and/cr (ii) the at least 
one daaghtcr ion and the at least one candidate parent ioa ccnld be rcla 
ted by the less of a predetermined icn cr oectra! particle, then the met 
hod further comprises the steps of: filtering the ions upstream cf fxagm 
eotatico means sc that iens baring a ma < s * t c -c h a t ge ratic within a seccn 
d range which includes at least one candidate parent ion are arranged tc 

be substantially transmitted ic the f r a gme n t a t i c n means and so that the 

transmissioD of ioos having a ma s s - t c - c b a r g e ratic cotside cf the scccn 
d range is s a b s t a a t i a 1 I y reduced; operating the f r a gme n t a t i c o means so t 
hat substantially more of the ions are fragmented than in the second mod 
e ; and 

mass analysing at least some of the ions vhich have passed through the f 
ragmeotat icn means. In ether *ords once a daughter icn of interest or a 
o interesting cconection or relationship between a parent ico and a dang 
Dter ico has been established, then the mass spectrometer switches tc op 
e r a t e in a t a o d em MS mc d e . 

Preferably, the second raoge is selected so that only iens having nass-t 
c-charge ratics within ± x mass-to-charge noils cf a candidate parent i 
on are s o b s t a o t i a 1 1 J transmitted tc the fragmentation means, wherein i i 
s selected frcm the group comprising: (i) 0.5: (ii) 1.0; (iii) 2.0; (l?) 
5.0; (v) 10.0: (ti) 15.0; and (vii) 20.0. The mass filter upstream cf 
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the collision cell therefore preferably cperates as a narrcv bandpass fi 
Iter. 

Preferably, the ion source is selected from the ? r o i p comprising: (i) ao 
clcctrcspray ico source; (ii) ao atmcspher ic pre s so re cbemicil icniztti 
oo ioo source; aod (iii) a matrix assisted laser desorption icn scarce. 
Preferably, such ao ioo source., especially tbe first Uc : is prcrided si 
th ao cluent ever a period of time, the eloent having beeo separated frc 
m a mixture by means of liquid chromatography. 

Preferably, the ico source is selected from the group comprising: (i) ao 
electron impact ion scarce; (ii) a chemical ionization ico scarce: and 
( i i i ) a field i c n i s a t i c q ioo source. Preferably, such an ico source is 
provided with an cluent over a period cf time, tbe elnent having been se 
parated from a mixture by means cf gas c h r craa t eg r a pby . 

Preferably, tbe mass analysing steps are performed by ao analyser select 
ed from the group comprising: (i) a quadripole rod set; (it) a tirae-cf-f 
light mass analyser; (iii) an ion trap: (if) a magnetic sector analyser; 
aod (v) a Fourier Transform Ico Cyclotron Resonance C FT ICR") mass ana) 
yser. A t ime-of-fl i cbt mass analyser is particularly preferred. 
Preferably, the filtering step(s) are performed by a ma 1 1 i -e I e me n t ion c 
pticai lens, preferably a qua dm pole mass filter. Further preferably, b 
cth a KF and a DC electric field are applied tc the mo 1 1 i - e I eme n t icn cp 
t i ca I lens. 

Preferably, tbe inn 1 1 i -e 1 eme n t ico optical lens is arranged tc substantia 
lly transmit only ions having mass-tc-charge ratios greater tban a first 

value. Further preferably, tbe first value is selected from the grcop 
comprising: (i) 100; (it) 150; (iii) 20 0 ; (iO 2 5 0 ; (v) 3 0 0 ; (ri) 3 5 0 ; ( 
vii) 4 0 0 ; (viii) 450; and (ix) 500. Preferably, tbe step of identifying 

daughter icas comprises identifying at least some icos which aie determ 
ined to have ma ss - t o - c h a r g e ratios less than the first valie. 
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Preferably, tbe f r a gee q t a t i c c means comprises a collision ceii selected 
from the group ccmprisicg: (i) a qeadrupcle rod set; (ii) ao hexapole ic 
d c c t; (iii) ac octopole rod set; and (iv) ao electrode ring 5 e l - Prefe 
rably, the collision cell is operated in a RF only mode, and is fcrther 
preferably presided with a collision gas at a pressure within tbe raoge 
1(T 3 to 10 M rabai , preferably 10" 3 tc 10" 2 iibar. Preferably, the coll is 
ion cell Icrms a substantially gas-tight eoclosore. 

Preferably, the p i c de t e rmi ne d daughter ions comprises ions selected from 

tbe group comprising: (i) i mmc n i am ions from peptides; (ii) fuocticoa! 
groups including phosphate group P0 3 ~ ions from phosphcrylated peptides; 
and (iii) mass tags which are intended tc cleave from a specific raclecu 
le cr class of molecule and to be subsequently identified thus reporting 

the presence of the specific molecule or class of molecule. 
Preferably, operation the fragmentation means in the first mcde comprise 
s the step cf supplying a voltage tc the f t a gme n t a t i co means selected lr 
om the group comprising: (i) >= 15V; (ii) >= 20V; (iii) >- 25V: (if) >= 
30V; (i) >■ 50V; (vi) >= 1 00V: [vii) >= 150V; and (riii) >= 200V. where 
">= n stands for 'greater than cr equal to". 

Preferably, operating the f r agme o t a t i o n means in the second mode ccmpris 
es the step of Supplying a voltage to the fragmentation means selected f 
rom the group comprising: (i) <= 5V; (ii) <- 4.5V; (iii) <= 4V; (if) <= 
3.5V; (i) <= 3V; (vi) <= 2.5V; (vii) <= 2V; (viii) <■ 1.5V; (ix) <• IV; 
(i) <= 0.5V; and (xi) substantially OV , *bere "<=" stands for Mess than 
or equal to 3 . 

According tc a seieoth aspect of tbe present invention, there is provide 
d a method cf mass spectrometry as claimed in claim 59. 
According tc an eighth aspect cf the present invention, there is provide 
d a mass spectrometer as claimed in claim 60. 

According a ninth aspect of the present invention, there is provided a m 
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ass spectrcmcter as claimed i o claim 66. 

According to a tcolh aspect cf the present i n t e n t i o ti r .there is provided 
apparatus arranged and adapted tc perform the method of any of claims 33 
-59. 

Although it is preferred in. the first embodiment (and optionally io the 
second embodiment) for tbc quadrupcle mass filter tc have initially a hi 
gh pass characteristic, in less preferred embodiments the mass filter ma 
y hare a bandpass characteristic It is also contemplated in less prefe 
rred embodiments that tbc mass filter could have a 77 V- no t e h e d" tiansmiss 
icn profile i.e. high transmission at low and high ma s $- I o- c h a r g< ratios 
and preferably linearly cr otherwise rapidly de c r e a s i og/i n c r e a s i ng tran 
emission either .side cf a mid-point. 

The implementation cf alternating lew and high collision energy in both 
the first and second embodiments allows for (candidate) parent icos tc b 
e selected based on the occurrence of a specific daughter icn ra/i value, 
either nominal or exact, in the high collision energy "MS sorvey 9 spect 
mm. According tc the second embodiment, the selection criteria may als 
c include selection based on the occurrence of ions with a specific diff 
erence in m/i valae, either nomioal or exact, between those in the low a 
nd high collision energy E MS Survey' spectra. 

Once one or more parent ions ha*c be eo discovered, then according tc bet 
h embodiments, a number cf further criteria may be used lor the farther 
selection aod/cr rejection of candidate parent ions i.e. to refine the 1 
ist cf possible candidate pare.nl ions down tc a shortlist cf mere defini 
te candidate parent ions. TheSt criteria include: 

(a) selecticn based on reqnired charge state (typically Z>=1 for peptid 
es , Z = l for drog metabo 1 i tes) ; 

(b) selection based on relative or absolute iotensity; 

{ c } selection based on inclusion within a preferred m/ 1 range: 
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(d) selection based go list cf preferred m/i values, either nominal or 
exact; 

(e) lejeciicu based cd list of excluded m/i values, either nominal ci e 
xact (typically !ido*o backer oond iocs cr matrix related impurities); 

(f) rejection based cd tcmpcia.ry (dynamic) list cf excluded m/r values 
(typically precursor ices that have recently beeo analysed tc prevent da 
plication). 

According tc the second embodiment and as a less preferred feature cf th 
e first embodiment, daughter ions formed by the f r a gme n t a t i c o cf moltipl 
y charged parent icos may be detected by the presence of ions having ma s 
s - 1 o-c h a r g e ratios higher than the ma s s -t cc h a r g e ratios ci candidate pa 
rent icos. This may be particularly appropriate Then parent ions are ge 
Derated by e 1 ec t r o spr a y . 

According tc the firsi and second embodiment, in the event cf multiple c 
o-eluling components the tine precursor ion may be discovered by using i 
&e first mass filter, MS 1 , tc select each candidate precursor ioo ic tar 
n to record its MS/MS fragment spectrum. However, the number of spectra 
tc be acquired will enly be increased by a number equal to just the nam 
her cf eaodidate precursor ions. This is still much less than the many 
hundreds of spectra required by traditional parent ion s c a o q i o g me t bo ds . 

In the case cf multiple co-e luting components there is scope for redacin 
g the number cf candidate precursor ions by the oSe cf additional filter 
iog criteria. Fcr example, the' targeted precursor ion may be discovered 
if the high collision energy spectrum is also interrogated for the pies 
eoce of ooe or mere characteristic neutral loss ions corresponding tc ea 
ch cf the candidate precursor iens observed in the low collision energy 
spectrum. This may reduce the number of MS/MS fiagment spectra tc be re 
corded, in many cases to josfc one spectrum. 
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In principal, if the number cf candidate precursor iens \i feor or nicic 
the number r,f MS/MS spectra lo be acqeired ccsld be further reduced by r 
epeatedly sub-dividing the candidate precursors Id two c q a a ! ci near tqi 
a! sub-groups according to their mass. The high collision e g c r | y specti 
em for all the precorscr iens wiibio each sub-group would then be record 
ed by setting tbe low-mass c»t-cff foi MS 1 to a m/i value dividing the t 
wc groups. Ry a process of c ! i «n i d 3 1 i c □ this procedure would allow anir 
al at the targeted precursor ion ie less stages. In practice, this appi 
oach is preferred enly when the number of candidate precorscr iens is Si 
x or mere. Nevertheless, tc iliBStratc the potential value cf til is metric 
d, a mixture cf 16 components may require 16 MS/MS spectra tc discover t 
he target precursor ion, whereas this approach could reduce the required 

number cf MS/MS spectra tc five. 
Precursor ico discovery based on the presence cf a specific product ico 
m/j value requires initial i o t e r r oj a t i c o of culy tbe high energy CID (Cc 
llisicn Induced De c cmpc s i t i c u) a MS survey" spectra. If appropriate, the 
m/z transmission raoge of the quadrupcle mass filter may be set such as 
net tc transmit the m/i value cl the specified product icn. thereby rem 
oviof any background ions from the source at that m/z value. Any iens a 
t the specified m/r value can culy be product ions. When a daughter ion 

ol interest elites, the low energy CID 3 MS survey" spectrum oof yields 
a short list cf (candidate) parent ions. This list may optionally be fa 
rther filtered or refined by various selection and/ c t rejectico criteria 
such as charge state, excluded m/z values, etc. Confirmatioo and ideo 
tilication of tbe targeted p r e c n r s <j i ' i c d new only requires acquisition c 
f MS-MS spectra for the (optionally further filtered) short list ol caod 
idates. This achieves the same goal as traditional parent icn scanning 
without the need to scan the first mass filter, MSI , and with the added 
bonus of having acqoired the full daoghei ion spectrum cf the targeted p 



(63) ' &ffi 2002-100318 



recurscr icq. S p e c i f i c a t i c d cf exact pr odnct ion m/z values further cch 
ances selectivity. 

Precorscr len Discovery based od the presence cf a specific neutral or i 
oq loss requires i o t e r r eg a t i c a of both the lev and high energy CID 3 MS s 
urrey = spectra. The lew encrg? spectra field a short list of candidate p 
recursor ions. Again this short list may be further filtered by various 
criteria, i.e. charge state, excluded m/ t values, etc. A short list of 
m/i values with the specified neutral or ico less may do* be generated. 

These m/i rallies are new searched against the high energy CID T MS Sor? 
ey" spectrom. The precorscr ion for any hits may be confirmed and ident 
ified by acquisition cf its MS-MS spectrum. This achieves the same goal 
as traditional oeotTal less scanning without the need to scan MS 1 and M 
S2 ; and again with the added bonus cf having acquired the full product i 
cn spectrum of the targeted precursor ion. Again exact m/i values may b 
e specified- 

The faricas preferred embodiments provide numerous advantages over cenve 
nticnal techniques cf parent icn scanning, ioclnding the possibility of 
discovering the mass -t o-charge ratios cf parent ions and to obtain their 
corresponding daughter ice spectra within on-line time scales e.g. chrc 
matography time scales. The preferred embodiments also hare higher sens 
itivities than conventional parent ion scanning methods, and opea np the 
possibility of incorporating multiple criteria iotc the same experiment 
for selection cf patent icn m/i valaes. It is also possible to disccve 
r multiple classes of parent icn within the same experiment and the meth 
ods can be used with mass tagging. 

A preferred embodiment will new be described with reference to Fig. 1 
A mass spectrometer 6 comprises an ion source 1, preferably an electrosp 
ray ionization source, an optional ion goide 2, a first quadrepole mass 
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filter 3. a collision cell 4 and as orthogonal a c cc i e r a t i c o i i m«-c ( - 1 1 ig 
bt mass analyse! i sec r pe i a i i n a rcfleciron 5- The mass spectrometer 6 
may b€ interfaced with a c b r oma ! c g r a pb . such as a liquid e h r cma t eg r a pb ( 
net shewn), so that tbe sample entering the ion source 1 may be taken fr 
om the eloent of the liquid .c b r cma tcgr a pb . 

The qoadropcle mass filter 3 is disposed in ac evacoated chamber vbich i 
E maintained at a relatively lew pressure e.g. less than 10" 5 mbar. Tbe 
electrodes comprising the mass filler 3 ire connected tc a power supply 
wbicb generates be t b RF and DC pcteatials which determine tbe range of 
mass-to-charge valoes that are transmitted by the filter 3. A fragmenta 
tioii means 4, preferably a collision cell, is disposed tc receive inns w 
hicb are transmitted by the mass filter 3. In particularly preferred em 
bediments the collision cell may comprise a quadropcle cr bexapcle rod s 
et which may be enclosed by a s a b s t a n t i a 1 1 y gas-tight casing into which 
a ecliisien gas, in nse, such as helium, argoo, nitrogen, air or methane 
may be intrcdoced at a pressure of between 10" 4 and ID* 1 rabar. further 
preferably 10" 3 mbar tc 10" 2 mbar. Suitable RF potentials fcr the elect 
redes comprising the fragmentation means 4 are provided by a power snppl 
y (net shown) . 

lens generated by the ion source 1 pass through the ion guide 2 into tbe 
mass filter 3 and into the fragmentation means 4. Ions exiting [rem th 
e fragmentation means 4 pass intc a .1 ime-ci-f light mass analyser S. Oth 
er ion optical components, sncb as ico guides or electrostatic leases, m 
ay be present which are not sijewn in tbe figures or described herein to 
maximise ioo transmission between various parts of the apparatus. Vane 
us vacuum pomps (net shewn) may be provided fcr maintaining optimal vacu 
um conditions in the device. The t i me - o f - f light mass analyser 5 operate 
S in a known way by measuring the transit time of tbe ions comprised in 
a packet of ioas so that their raass-tc-cha rge ratios can be determined. 
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A ccDtrel mean? (net shown) provides control signals for ih« raricas pew 
er sopplies C n c t shown) which respectively picvidc t he . o c c e s s a i y operati 
eg potentials fcr the ice scoice i, ico guide 2, qaadropcle mass filter 
3, fragmeotat ion means i and the t iroe-cf-f I i gh t mass analyser 5. These 
control signals determine ih.e operating parameters of the instrument, fo 
r example the mass -t c-charge ratios transmitted through the mass filter 
3 and the operation cf the analyser 5. The control means is typically c 
cntrclled by signals ircro a computer (not shewn) which cay also be used 
to process the mass spectral data acqnired. The ccmpatei can also displ 
ay and Store mass spectra produced from the analyser 5 and recede aoii p 
recess commands from an operator. The control means maf be automatical! 
v set to perform Paricus methods and make faricis determinations without 
operator i o t e r t e n t i c n s or may optionally require operator input at van 
ous stages . 

Figs. 2(a) and 2(b) show r e s pe c t i v e 1 y daoghte: and parent ico spectra cf 
a trypt ic digest cf ADIi known as alcohol i e h\ : d r eg e o a s c . The daughter i 
on spectrum shown in Fig. 2(a) was obtained while the collision ceil ▼ 0 1 
tage (i.e. the voltage applied to 1 r a groeo t a t i c n me a n s 4) was high, e.g 3 
OV. *hich resulted in significant fragmentation cf ions passing theretbr 
oogh. The parent ion spectrum shown in Fig. 2(b) was obtained at low co 
llisicn energy e.g less than or eqoai tc 5V. The mass spectra in this p 
articular example were obtained f rem a sample eluting from a liqnid care 
matcgraph, aod the spectra were obtained snfficieotly rapidly aod close 
together io time that they correspond tc substantial!? the same compeneo 
t or components eluting from the liquid c h r cma t og r a p h . 

According to both embodiments of the present intention, it may be dcterm 
iced that a predetermined daughter ion of interest say, fci example, dau 
gbter ioos having a m/t value of 136.1099 as shown in Fig. 2(a) are pros 
eat. This determination may be made either by an operator cr by aatcmat 
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ic determination using a c cropo t e r . According te lot firsi embodiment on 
ce this determinat ico has been made, then the ve-ltage applied tc the col 
lj s j 00 C ell is set tc lc* and a patent ico spectrum leer respond ing tc Fi 
g. 2(b)) is acquired. 

Id both embodiments, the parent icn speciroti may then be analysed so as 
tc determine which peaks correspond tc candidate parent ions. In Fig. 2 
(b) , there are Several high intensity peaks in the parent icn spectrum, 
e.g. the peaks at 418.7724 and 566.7813, which are not sibstaatially pr 
esent io the corresponding daughter i o a spectrum. These peaks may there 
Icre preferably be considered tc indicate candidate parent ions. 
According to bctb embod imec i s . once a predetermined daughter ion el iole 
rest has been detected, fcr example. icos having a m/t vaiae of 136.109 
9, and ccricspcndiog candidate parent icn(s) hare been identified, e.g. 
icos having m/z values of 418.7724 and 56S.78U, then the roiSS filter 3 
is set to operate as a narrow band pass filter so as tc substantially tr 
ansmit tc the f i a gme o t a t i o o means I only cne cf the candidate parent ion 
s, fcr example, ions having a m/z talue of 418.7224. The fragmentation m 
eans 4 is set at high collision energy, sc that a fall daughter spectrum 
fcr that particular candidate parent icn may be obtained. If the prede 
termined daughter icn of interest is present in the lull daughter spectr 
urn, then it mcst be a product of the selected candidate parent ico. If 
the predetermined daughter icn is net present then another candidate par 
cot ion is selected. 

Even if a daughter ico scan is required tc be run fcr all candidate pare 
nt icn peaks : much fewer scans are required than io the conventional met 
beds of parent ion scanning. 

Variables which may be taken into account io determining whether parties 
lar peaks are significant may iodide e.g. the inteosity cf the cbserved 
peak or the charge state of the ico (which may be deduced by a variety 
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of kocwc methcds)« I c n £ may slsc be excluded from consideration based c 
d ccrtaio criteria. 

lo relation tc both embed ime at s cf the present ioveniico. it may be appr 
opriate to search for candidate parent iens by i n t e r r c ga t i Qg the daugbte 
r ion spectrnm lor mere than one characteristic daughtej ico. Acccr 
ding to the second embedinent of the present inveotico. candidate pa f c d t 
ions may be searched for cn the basis cf a combination cf daoghtei iens 
aod the less 01 predetermined iens or neutral particles from a parent 1 
on. This may be particilarly relevant when the parent icos have been 3 t 
agged 5 with a specific mass tag. A mixture cf two ci mere parent ions m 
aj be tagged each with a diflerent mass tag which conld be discovered by 
simultaneously monitoring for ivc cr mere characteristic daughter icos. 
Hence, parent iens from twe cr mere different classes cf compounds ecu 
Id be discovered in the same set cf experiments. 

According tc the second embodiment spectra may be continuously acquired 
at different collision voltages. A particularly preferred arrangement i 
s tc acquire spectra alternately at relatively high and 1 o* collision vo 
Itages. When the method is nsed tc analyse the o*tput of an en-line pre 
cess such as liquid chromatography, this method is particularly usefol a 
S alternate spectra correspond to substantially the same cempesitioo of 
sample eluting frcm the c h r cma t eg r aph . 

A QDmber of examples will new be given tc farther illustrate various asp 
ects ol preferred embodiments of the present invention. 
Example 1 ~ Neu tra 1 loss 

The huge increase in geocmic sequence' information available, combined wi 
in the increased sensitivity and selectivity provided by mass spectrcmct 
ry has allowed large-scale protein i den t i 1 i c a t i o n . The analysis cf the 
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pcst-translaticcal mo d i f i c a i i g a s present cn the identified proteins is, 
however, a mere cballcogiog problem. Currently the ap.prcach that cffeis 

the most specific solution, t i a mass s p e c t r one t r y , is prcorsor ion sea 
DQ ing. When performing a prccarsor ion scanning experiment the mass spe 
clrcroeter searches fcr all tens that fragment tc produce a ccmracn diagno 
siic prcdnct icn. A typical application would be te scan thrown a prct 
ein digest mixture searching only for these peptides that are potential t 
y pbosphcrylated. Cuneat methods of performing precursor icn experimeu 
ts cn a known mass spectrometer (Q-TOF 2 available i r oro Mi c r cma s s) Bavin 
g a liist quadiopole mass filter (MSi), a qaadrupcle collision cell and 
ao crthogcoal time cf flight mass analyser (MS 2) involve scanning the Qo 
adrupole of the instrument, MSI , over the m/i range in *hich precursors 
are sought, whilst recording a lull product icn spectrin with the time o 
f flight analyser. This approach can. however, limit the sensitivity cf 

the precursor icn experimeot due to the relatively lew duty cycle cf a 
scanning quadripole. 

An experimental methodology that allows specific post translations! ly mo 
dified peptides tc be identified and sequenced during the course of an H 
PLC experiment cn the known mass spectrometer will now be described. Du 
ring this experiment the quadrrjpolc was operated in wideband mode. 
The Samples were introduced tc the mass spectrometer by means cf a Micro 
mass modular CapLC system. Samples were loaded onto a C18 cartridge (0. 
3 mm x 5 mm) and desalted with 0.1* HCOOH for 3 minutes at a flow rate o 
f 30^L per minute (Fig. 3). .The ten port valve was then switched such 
that the peptides were eluted onto the analytical cciirno for separation, 
see insert Fig. 3. The flew from punps A and B were split to prcdice a 
flow rate through the column of approximately 2 0 0 oL/ni i o . 
The aoalytical column used was a PiccFrit™ (www.ncwcbjective.com) cclum 
o packed with Waters Symmetry CU (www.wateis.com). This was set op tc 
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spray direcil/ into the raa e s spectrcmetei . Tee electrcspray potential ( 
C2. 3 k Y) was applied to the liqeid Tia a 1 dead rclfifne stainless steel 
ooioo. A small amount (ca. 5 ps i) cf nebulising gas was intiodoced arc 
ond tbe spray tip tc aid tbe electrcspray process. 

All data were acquired using a Q-T0F2 qoadropcle crthcgcnal acceleration 
tinc-af-f! ight hybrid mass spectrometer (www. mi c t cmas s - cc . o k) , fitted w 
ith a Z-spray oaooflcw electrcspray icn source . Tbe mass spectrometer v 
as operated in the positive icn mode with a source t cm p « r a t d r c cf S 0 °C a 
nd a cone fas flow rate of 40L/hr. 

Tbe instrument was calibrated with a mnlti-pcint calibration using selec 
ted fragment ions that resulted from the c o 11 i s i c o- i ad u ce d d c c crap ns i t i c n 
(CID) of Glu-f ibr iocpeptide b- AM data were processed using the Mas sL 
ynx soite of scf Uare. 

During the HPLC gradient the iustroment wa< operated io the MS mode and 
switched alternately at one-second intervals between lew and high ccilis 
icn energy with argon in the collision cell. The quadrnpcle, MS L , was o 
peratcd in the rf only mode allowing the fell mass range tc be passed tc 

the time cf flight analyser. The first data Set at lew energy (4 eY) s 
hews enh the normal pseodo molecular i o d s . The second at higher energy 

also contains their product iocs (see Fig. 4). Whenever a product icn 
cf interest occurred in the high-energy data, all its possible precursor 
s were present in the corresponding low eoergy data. The mass spectrome 
ter was then switched to a MS/MS mode sequentially selecting the poteuti 
al precursors tc reveal tbe true parent. 

In the case of ph c s p ho pc p t i d e s . bo th" phospboser i ne and ph c s pho t h r e c n i n e 
containing precursors may be identified as they display a nentral less o 
f 98 Da (H 3 P0 4 ) nnder high-energy conditions. Correspondingly, the soft 
ware may make a list of nentral losses from the precursors identified in 
the low energy spectrum. This iQTohes measuring the masses of the pre 
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corsci i c o s . d e t e r ee i □ i o g their charge states and s«btracting the neutral 
less i.e. 9 7.9769 (I"}. 49.9SS5 (2-). Appearance c f the central loss i 
n the high energy spectrum causes the iastroraeot to switch into the prod 
act ioo m c d e tc coofirci the u e o t r a 1 loss and tc acqs ire additional seqoe 
oce information. The exact mass capability of the Q-T0F2 increases the 
specificity cf the neutral less particularly in the case cf a mass defic 
ieot loss soch as that observed with phosphate. Fig. 5 shews a sehemati 
c cf an exact oeatral less experiment. 

Fig. 6 shows the results of an ciaci neutral less eiperimeot performed c 
o lOOfm (fenucmclc) cf an alpha easeio digest leaded c n cclomn. As can 
be seen from the MS/MS c h r oma t c g r am the instrument switched to the prcdu 
ct ion mode twice during the experiment, suggesting that the 830.02 (2-) 

and 976.46 (2-) ions have exhibited a ncotral less. 
Fig. 7 shews the lew and high -energy spectra at the time of eloticn for 
the 976.46 (2±) ion. The low energy spectrum contains a minimum cf eigh 
t multiply charged ices. The high energy spectrum shews the complicated 

mixture of fragment ions derived from the eight peptides. An expanded 
view of m/a 910-995 is shewn io Fig. 8 and reveals that the peptide at 9 
76.46 (2t) has fragmented tc prcduce an icn vhich is assigned as a neuti 
a! loss within the accurate mass window of ± 20mDa (milli Daltco). All 

other prcdnct ions in the spectrum hare net met the criteria tc be assi 
gned as a neutral less. 

Having registered the 976.46 (2?) ion as having undergone a neutral less 
, the instrument then s * i t c hes , i o t c a MS/MS mode. This confirms that th 
e icn assigned as the neutral less aas'arisen frcm the 9 7 6.46 (2-) icn a 
nd is net a ceincideotal fragment ion produced frcm one of the ether pep 
tides present in the source (see Fig. 9). The product icn spectrum also 

provides sequence information from the phosphcrrlated peptide (see Fig. 

10). 
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Fig. 11 shews the neutral less of H 3 P0 4 from i beta casein digest pepiid 
e detected at a c c a c e a t r a t i c o cf 1 0 fin (f emi cmc i t) injected cn eclumo. 
Id the case of phc s pbc t y rc ; i ne . fragmentation tc produce a neatral less 
of H3PO4 dees act c-ccur. it dees, however, decompose tc picdncc a phesp 
hciylated immcnium ion at m/z 216 in positive ESI. The software can be 
directed tc monitor for this ica. switching tc a MS/MS racde wbeo it appc 
ars in the high-energy spectram. 

Example 2 - Automated discovery cf a peptide ccataining the amine acid A 
Is p 3 r i g i a e 

The total ica c h r onta t c g r am for the HPLC separation and mass analysis cf 
the tryptic digest cf the protein ADH (Alcohol De hyd r eg e n a s e) is shown i 
n Fig. 12. This c fa r craa t eg r an was extracted from all the lew energy spec 
tra recorded cn the Q-TOF tandem MS/MS system. For this data, the Q-TOF 

was operating in the MS mode and alternating between lew and high colli 
sicn energy in the gas collision cell for successive spectra. 
Fig. 13 shew the mass c h r oma t c g r am foi m/z 87.04 extracted frcm the same 

HPLC separation and mass analysis as described in relation tc Fig. 12 a 
beve. The immoDiom ico for the amino acid Asparaginc has a m/z valoe of 

87.04. This chrcmaUgram was extracted from all the high energy spectr 
a recorded cn the Q-TOF. 

Fig. 14 shews the full mass spectrum corresponding tc scan Dumber 604. 
This was a low energy mass spectrum recorded cn the Q-TOF, and is the lo 
w energy spectram next to the high energy spectrum at scan 605 that ccrr 
espoods to the largest peak it the mass c b 1 oma t eg r am of ro/i 84.04. This 
shows that the parent ion for the Asfirigine immooiorn icn at m/i 87,04 
has 1 mass of 1012.54 since it shews the singly charged (M^H) 7 ion at m/ 
2 1013.54, and the doubly charged (M-2Hj ^ ion at m/z 5 0 7.27. 
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Ex amp 1 c 3 - Automated discovery cf p he s pb c r y 1 a i i c o cf a protein by nentr 
ll loss 

Fig- 15 shows a mass speetrcro from the lew energy spectra recorded cc a 

Q-TOF tandem MS/MS systen cf a tryptic digest of the protein 0-Caesin. 
The protein d i r e s t prcdoct-s were separated by HPLC aod mass analysed- 
The mass spectra were recorded cn the Q-TOF operating in the MS mode a 

ad alternating be t«r e ea lev aod high collision energy io the gas collisic 

o ceil for successive spectra. 

Fig. 16 shows the mass spectrum from the high energy spectra recorded do 
ring the same period oi the HPLC separation as that in Fig. 15 above. 
Fig. 17 shows a processed aod expanded view cf the same spectrum as io F 
ig. 16 above. For this spectrum., the ccntioaam data has beco processed 
soch to identify peaks aod display as lines with heights proportional to 
the peak area, aod aanctated with masses c o r r e s p c a d i o g to their ceotrci 
ded masses. The peak at m/i 1031.4395 is the doubly charged (M-2H) TT io 
d of a peptide, aod the peak at m/x 932.4515 is a dcobly charged (ragmen 
t ion. It his lo be a f ragmeot ico since it is oct present in the low en 
ergy spectrum. The mass difference between these icos is (8.9880. The 
theoretical mass for H 3 P0 4 is 9 7 . 9 7 6 9 , and the m/z 'Blue for the doubly 
charged H 3 PO/' ion is 48.9884, a difference cf coly 8 ppro from that cbs 
e r v e d . 

Example 4 - Discovery of a parent ion ef a phc s pb o r y I a t c d peptide by rec 
cgaitioo cf a characteristic oeutrallcss 



A Q-T0F2 mass spectrometer was set ip to acqoiie mass spectra, with coil 
ision gas in the collision cell, aod with the acquisition set to acquire 
alternate high and low energy spectra. When a daughter ioi, with a mas 
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s difference (rem a candidate parent ico c c r r t s pen d i ng 10 the loss cl th 
e H3PO4 ion. was identified the system wo. Id a 0 i oma t ic a.l I J switch to acq 
sire the MS/MS spectrum cf that candidate parent ion. 

The following is an example cl sach an acquisition. The protein a-casei 
0 sas digested, and 100 fmol. (f era t orio I e) of the digest was injected for 
separation by liquid chromatography before spraying into the electrospra 
y source c t the Q-T0F2. 

Fig. 18 sbevs from bottom to top the follcwiog ch r oma t og r ams : (0 the T( 
C {total ico carrent) chrcmatogram Icr the lev eoergj MS mode; (2) the T 
IC cbromatog.am for the high energy MS mode; aad (3) the TIC chromatog.a 
m for the MS/MS node . 

The chromatogram peals elotiog at 20.9, 23.5 aod 25.5 annates are cheppe 
d in the cbromatojrams displayed in traces (l) aod (2). This is because 

icr these three peals the system switched into the MS/MS mode part way 
through the elation of the peaks. This is indicated in trace (3), which 

shows the times at which MS/MS spectra were acqoired. 
Pig. 19 shows horn bottom to top the following mass spectra: (0 the low 

energy mass spectrum at 25.335 minutes into the ran; (2) the high eaerg 
y mass spectrum at 25.315 minutes into the rat; aod (3) the tall MS/3JS s 
pectrom fci m/i raoge 976-978 at 25.478 minutes into the ruo. 
The spectram in trace (1) shows the low energy mass spectrum at time 25. 
335 minutes. It mainly shows the doubly charged ion (m/z 976.4) aod the 

triply charged ioa (m/a 651.6) fo, a peptide with a mass of 1952 Dalton 
$ . The spectram in trace (2) , shows t he high-energy spectram at time 25. 

315 minutes, and shows a new peak atm/a 927 (not labelled). This has t 

0 be a daoghter ion, sioce it is not present in the low energy spectram, 
and lt has a dilfereace in m/i of 49 from the parett ion at m/i 976. T 

his mass corresponds to that of the doubly charged H 3 P0 4 4t ioa. The sys 

lem has automatically recogoised this mass differeoce and switched to re 
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cord the MS/MS spectrom ircm the m/i range 976-918. The MS/MS spectrom 
confirms that the peak ai m/z 927, corresponding tc the less cf the dcob 
ly charged f^PO^ 4 icn, is from that parent ion at m/ a 976. It also she 
vs other fragment ions from that parent icn, thereby alleging ccafirmati 
cn of the identity cf the peptide. 
4 BRIEF DESCRIPTION OF DRAWINGS 

Fig. l is a schematic drawing cf a preferred arrangement; 

Figs. 2(a) aod 2(b) respectively shew typical daughter ico and parent ic 

n spectra; 

Fig. 3 shows a schematic cf a valve switching arrangement during simple 
leading and desalting. Inset shews desorpticn ci a sample from an ana 1 y 
t ica I ecl oma ; 

Fig. 4 shews a Q-T0F2 mass spectrometer switching, preferably, at one se 
cend intervals, between low and high collision energy with argco gas in 
the collision cell. The low energy data set sho^s the pseado molecular 
ions, and the high energy data set also shews their fragment ions: 
Fig. 5 shows a flew chart of an exact oeotral loss experiment; 
Fig. 6 Shews results of an exact oeotral less experiment cn lOOfm of an 
alpha casein digest loaded onto a column: 

Fig. 7 shows low and high energv spectra at the time cf elnticn of the '9 
76,46 (2+) ion shown i o Fig. 6 : 

Fig, 8 shows an expanded view cf lew and high-energy spectra for m/z HO 
-9 9 5 ; 

Fig. 9 shows coolirmatioo of the oeotral less frcm 976.46 (2+) to prcduc 
t ion mode; 

Fig. 10 shows an annotated product ioo spectrom cf 976.46 (20 ; 
Fig. II shows neutral loss cf H 3 P0 4 from a digest peptide of beta casein 
at lOfm injected on column ; 
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Fig. 12 shews a toil! ico c b r cma t eg r arc cf a ADH trvplic digest; 

Fig. 13 shews a mass c b r oca tc g r am cf 87.04 (Asparagioe. immGDinn ioo); 

Fig. 14 shews a fragment F5 f rem ADR sequence ANELIINVK .W 1012.59: 

Fig. 15 shews a mass specimen for the lew energy spectrz cf a tryptic d i 

ge s t of 0 -Cae s in; 

Fig. 16 shews a mass spectrum for the high energy spectra of a tryptic d 
igest of >9 -Ca e s io; 

Fig. 17 shows a processed and eipaoded fie* cf the same spectrum as in F 
ig. 16: 

Fig. 18 shews chromatograms for a-casein: and 

Fig. 19 shews mass spectra for a-casein. 
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Fig.5. 

Inject protein digest on Cap LC 



j 

Acquire low energy MS data 



j 

Create neutral loss mass list 



i r 



Acquire high energy MS data 




Data dependant switch to MS/MS mode 
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1 ABSTRACT 

An improved method cf pa i col Icq scanning is disclosed. Id one embudimc 
ot a q o a d r u p c 1 e mass f i I t e j 3 upstream cf a c c 1 I i s i c o ceil \ is arianged 

tc operate io a higbpass mode. Parent ions transmitted by the mass fil 
ter 3 are fragmented io the collision cell 4 and detected by an erthegco 
al time of flight analyser 5 vhich obtains a daughter icn mass &pectrom. 
Ions having a mass to charge ratio below tbe cateff cf the mass filter 

3 are i d e b t i 1 i e d as danghter ions, aod candidate parent ions nay then b 
e discovered and their identity confirmed by obtaining corresponding dan 
ghter ion spectra. In a secend embodiment, tbe collision cell 4 alterna 
tes betweea high and low f j agrje o t a i i c o and candidate parent iens can add 
iticnally be identified on the basis of the less cf a predetermined icn 
or neotral particle. 

2 REPRESENTATIVE DRAW I M 
Fig. 1 
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